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AN  INYESTIGATIOIf  OF  EXPLOSION-PROOF  MOTORS. 


By  H.  H.  Clabk. 


INTRODUCTION. 
DBPINinON  OF  TBBM  <<EXPLOSION-PBOOF." 

The  term  "explosion-proof,"  as  applied  by  the  Bureau  of  Mines  to 
an  electric  motor,  refers  to  a  motor  inclosed  by  a  casing  so  constructed 
that  an  explosion  of  a  mixture  of  mine  gas  (methane)  and  air  within 
the  casing  will  not  ignite  a  mixture  of  the  same  gas  surrounding  the 
motor.  There  are  two  classes  of  motors  so  constructed:  First,  a 
totally  inclosed  class  built  strong  enough  to  withstand  high  internal 
pressures  and  so  designed  that  the  efficiency  of  aU  inclosing  covers 
can  be  satisfactorily  maintained;  second,  a  class  provided  with  relief 
openings  or  valves  designed  to  relieve  the  pressure  of  an  explosion 
within  the  motor  casing  and  to  cool  any  products  of  combustion  dis- 
charged through  the  valves. 

A  satisfactory  motor  of  the  first  class  is  much  more  expensive  to 
bmld  than  an  equally  safe  motor  of  the  second  class.  For  this  rea- 
son, attempts  to  make  motors  explosion-proof  have  been  confined 
chiefly  to  motors  of  the  second  class. 

THBOBY  OF  EZPL08I0N-PB00F  PBOTBCTION. 

The  function  of  explodon-proof  devices  for  electric  motors  is  to 
reduce  below  the  ignition  point  of  gas  (methane)  the  temperature  of 
any  flames  that  may  be  discharged  from  the  motor  casing.  The  tem- 
perature reduction  is  effected  by  removing  the  requisite  amount  of  heat 
from  the  flames  diuing  their  passage  through  the  devices.  Various 
plans  have  been  proposed  and  developed  for  thus  removing  heat  from 
the  products  of  explosion.  The  principle  of  the  Davy  safety  lamp  has 
been  the  basis  of  most  of  the  protective  devices  designed  for  explosion- 
proof  motors.  The  application  of  this  principle  consists  in  causing  the 
discharged  gases  to  pass  over  or  through  metallic  plates  or  screens 
which  by  conduction  remove  the  heat  from  the  gases.  In  some  types 
of  devices  the  cooling  effect  of  expansion  is  also  utilized. 

For  the  sake  of  simplicity,  in  this  report  the  means  used  to  cool 
incandescent  gases  are  termed  ''protective  devices"  whether  they 
consist  of  valves,  layers  of  gauze,  or  metal  plates. 
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PROCEDURE  OF  INVESTIGATION. 

The  investigation  described  in  this  bulletin  was  undertaken  by  the 
Bureau  of  Mines  as  one  of  several  investigations  having  for  their 
purpose  the  ascertaining  of  methods  for  lessening  the  risks  attending 
the  use  of  electricity  in  mining. 

The  bureau  began  this  investigation  by  sending  a  circular  letter  to 
manufacturers  of  electric  motors  for  mine  service,  stating  that  the  bu- 
reau proposed  to  make  tests  of  electric  motors  designed  for  operation 
in  the  presence  of  gas  (methane)  in  order  to  determine  their  suitability 
for  such  service.  This  letter  was  sent  to  all  manufacturers  whom  the 
bureau  believed  would  be  interested  in  the  proposed  tests.  Five  motors 
were  submitted  for  test,  no  two  being  protected  in  exactly  the  same 
manner. 

In  this  report  the  results  of  tests  are  related  to  the  various  types  of 
protection  employed  which  are  described  in  detail. 

DETBBMINATXON  OF  TEST  OONDITIONS. 

According  to  the  definition  of  an  explosion-proof  motor,  such  a 
machine  con  presumably  be  safely  operated  in  an  atmosphere  con- 
taining gas  (methane)  under  conditions  most  conducive  to  explosion, 
provided  that  the  protective  devices  with  which  the  motor  is  equipped 
are  in  good  condition  and  in  their  proper  places.  In  conducting  the 
investigation  here  reported,  an  effort  was  made  to  produce  conditions 
that  would  probably  introduce  the  greatest  elements  of  danger.  In 
the  earlier  tests  especially,  and  to  some  extent  in  subsequent  tests, 
it  was  not  evident  just  what  the  most  dangerous  conditions  would  be. 
The  design  of  some  of  the  protective  devices  required  the  introduction 
of  special  conditions  which  are  in  this  report  recorded  under  the 
description  of  the  tests  of  such  devices.  A  list  of  conditions  common 
to  all  tests  follows. 

OONDITIONS  OOUHON  TO  ALL  TESTS. 

CONSTANTS. 

The  constants  of  the  investigation  consisted  in  assuming: 

(a)  That  sparking  sufficient  to  ignite  gas  (see  p.  11)  was  present  in 
the  motor  casing. 

(b)  That  the  motor  casing  was  completely  filled  with  an  explosive 
gaseous  mixture. 

(c)  That  the  motor  casing  was  completely  surrounded  with  a  simi- 
lar mixture. 

OONTBOLLED   VARIABLES. 

The  controlled  variables  of  the  investigation  were : 

(a)  The  ratio  of  gas  to  air  in  the  gaseous  mixtures. 

(b)  The  point  within  the  motor  casing  at  which  the  mixture  was 
ignited. 

(c)  The  presence  of  coal  dust  within  the  motor  casing. 
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UNOONTEOLLED  VARIABLE. 

The  variable  which  was  observed  but  not  controlled  was: 

The  temperature  of  the  gaseous  mixture  surrounding  the  motor. 

TEST  ASSX7MFTIONS. 

The  reasons  for  assuming  the  constants  are  obvious  and  require  no 
explanation  nor  comment.    A  discussion  of  the  variables  follows. 

The  ratio  of  gas  (see  p.  11)  to  air  within  the  motor  casing  was  varied 
froW  the  value  that  gave  maximiun  pressure  and  heat  in  order  to 
determine  the  effect  of  slow-burning  mixtures  which  produce  a  lower 
but  longer  sustained  pressure. 

The  location  of  the  point  of  ignition  with  reference  to  the  relief 
openings  was  varied  because  that  factor  has  an  influence  upon  the 
pressures  produced  by  explosions  within  the  casing. 

Coal  dust  was  sifted  into  the  housings  of  the  relief  openings  in 
order  to  observe  the  influence  of  the  dust  upon  the  pressures  developed 
within  the  motor  casing,  and  also  to  determine  if  the  presence  of 
dust  assists  in  the  communication  of  heat  from  the  interior  of  the 
motor  casing  to  the  gaseous  mixture  surrounding  it. 

No  attempt  was  made  to  control  the  temperature  of  the  motor  or 
to  increase  it  by  operation  under  load  lest  the  severity  of  the  con- 
ditions would  be  lessened.  Kaising  the  temperature  of  the  motor 
would  have  increased  the  temperature  of  the  protective  devices  and 
decreased  their  capacity  for  cooling  the  products  of  explosion.  At 
the  same  time,  however,  the  amount  of  gaseous  mixture  which  the 
casing  could  contain  would  have  been  decreased,  the  latter  effect  more 
than  coimterbalancing  the  former,  as  is  shown  below. 

In  testing  motors  for  explosion-proof  qualities  the  danger  point  is 
reached  when  the  products  of  explosion  are  discharged  through  the 
protective  devices  at  a  temperature  higher  than  650**  C.,**  the  ignition 
temperature  of  methane.  It  is  reasonable  to  assume  that,  if  the  tem- 
perature of  the  discharged  products  of  explosion  is  650°  C,  the  parts 
of  the  protective  devices  that  are  in  immediate  contact  with  the  products 
of  explosion  must  have  attained  a  temperature  of  at  least  300°  C.  In 
considering  the  conditions  that  exist  when  a  motor  is  tested  cold,  let 
the  initial  temperature  of  both  the  gas  and  the  protective  devices  be 
assumed  as  25°  C,  the  absolute  initial  temperature  of  the  gaseous  mix- 
ture being  273°  plus  25°,  or  298°  C.  The  range  of  temperature  through 
which  the  protective  devices  must  be  raised  before  they  can  discharge 
dangerously  hot  gases  will  therefore  be  at  least  300°  C.  minus  25°  C, 
or  275**  C.  If  the  motor  be  tested  under  the  conditions  of  its  maxi- 
mum goaranteed  temperature  rise  of  75°  C.  above  25°  C,  the  aver- 

«  Dtam,  H.  B.,  and  Coward,  H.  F.,  The  i^itlon  temperature  of  gases.  Chemical  News,  vol.  9Q|  1909,  p. 
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age  temperature  of  the  gaseous  mixture  within  the  motor  casmg 
could  be  hardly  less  than  7S^  C.  (348^  C,  absolute),  and  the  tem- 
perature of  the  protective  devices  could  be  hardly  greater  than  60^  C. 
The  temperature  range  of  the  protective  devices  would  therefore  be 
300®  minus  60®,  or  240®  C,  about  12.7  per  cent  less  than  when  testing 
the  motor  cold.  The  amount  of  gaseous  mixture  that  the  motor 
casing  can  contain  at  an  absolute  temperature  of  348®  C.  is  f H 
of  the  amount  that  it  can  contain  at  an  absolute  temperature  of 
298®  C,  or  about  14.4  per  cent  less.  Thus  it  is  evident  that  although 
the  temperature  rise  of  the  protective  devices  necessary  to  produce 
dangerous  conditions  would  be  decreased  12.7  per  cent  by  raising  the 
initial  temperature  of  the  motor  75®  C.,the  available  heat  in  the  gaseous 
mixture  would,  at  the  same  time,  be  decreased  by  an  even  greater 
percentage. 

For  the  reasons  given  above,  no  attempt  was  made  to  raise  the 
temperature  of  either  the  motor  or  the  surrounding  air  when  that 
temperature  fell  below  the  probable  underground  temperature.  The 
pressures  obtained  in  the  tests  seemed  to  prove  the  wisdom  of  this 
practice,  although  they  do  not  correspond  exactly  in  all  cases.  Of  17 
groups  of  tests,  made  upon  3  different  types  of  protection  under 
conditions  that  allowed  the  effect  of  temperature  to  be  satisfactorily 
observed,  only  1  group  showed  a  higher  pressure  for  the  maximum 
temperature  than  for  the  minimum,  and  the  difference  was  only  one- 
half  poimd  in  that  group.  In  making  the  comparison  only  those 
groups  were  considered  in  which  the  mixture  contained  8.6  per  cent 
gas,  and  in  which  the  tests  differed  in  temperature  by  8®  C,  or  more. 

Some  of  the  more  notable  examples  of  the  inverse  variation  of 
pressure  with  temperature  are  tabulated  below.  These  are  all 
abstracted  from  the  results  of  tests  of  the  type  A^  devices,  the 
temperature  variation  being  greater  during  the  tests  of  these  devices 
than  with  the  other  types  tested. 

Variation  of  pressures  with  tempercOures  in  explosion-proof  motors. 


Group 
No 

Maximum 

Corre- 

Minimum 

Corre- 

tempera- 

sponding 

tempera* 

sponding 

tures. 

pressures. 

tures. 

pressures. 

Pounds  per 

Pounds  per 

•c. 

fquaTeincK. 

•c. 

tqwureinck. 

1 

35 

19.0 

6 

28.0 

19 

24 

38.0 

2 

48.0 

U 

30 

35.5 

3 

87.6 

35 

23 

42.0 

6 

45.6 

17 

27 

20.6 

0 

27.6 

18 

18 

40.6 

0 

45.8 

31 

27 

36.0 

3 

47.0 

32 

16 

40.0 

2 

47.0 

a  See  p.  28. 
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GAS  AND  EQTTIPMBNT  USED. 

GAS. 

llie  natural  gas  supplied  to  the  city  of  Pittsburgh  was  used  in  all 
tests.  Its  composition  ^  is  approximately  82  per  cent  methane  or 
marsh  gas,  16.4  per  cent  ethane,  1.5  per  cent  nitrogen,  and  a  trace  of 
carbon  dioxide.  The  term  ''gas''  wherever  used  in  this  report  refers 
to  this  natural  gas. 

The  most  explosive  mixture  ^  of  such  gas  and  air  is  one  combined  in 
the  proportion  of  8.6  :  91.4.  This  mixture  also  bums  most  rapidly 
and  evolves  the  greatest  amount  of  heat. 

In  this  report  a  mixture  containing  more  than  8.6  per  cent  of  gas  is 
tenned  an  "overgassed"  mixture,  and  a  mixture  containing  less 
than  8.6  per  cent  of  gas  is  termed  an  ''undergassed''  mixture. 

TESTING  APPABATUS. 

The  apparatus  used  in  the  tests  included  the  following: 

(1)  A  gas-tight  gallery  or  inclosure  in  which  the  motor  to  be 
tested  was  installed.     (PI.  I.) 

(2)  A  circulating  fan  for  mixing  the  gas  and  air  within  the  gallery, 

(3)  A  system  of  piping  connecting  the  gallery  and  circulating  fan. 

(4)  A  device  for  determining  the  percentage  of  gas  in  the  mixtiure. 
(PL  II  and  fig.  1.) 

(5)  A  pressure  indicator  attached  to  the  motor  casing  to  record 
the  pressure  developed  therein  by  the  explosion. 

(6)  Spark  plugs  mounted  within  the  motor  casing  and  operated 
t^  an  induction  coil. 

(7)  A  system  of  piping  and  valves  connecting  the  motor  casing 
with  the  fan  intake  for  the  purpose  of  filling  the  motor  casing  with 
the  gaseous  mixture. 

TESTING  GALLERY. 

The  gallery  in  which  the  motor  was  installed  for  the  tests  was  a 
boiler-plate  cylinder,  10  feet  in  diameter  and  30  feet  in  length,  set 
horizontally  upon  a  concrete  foundation.  Seven  feet  from  each 
end  the  cylinder  was  stopped  off  with  diaphragms  of  heavy  mauila 
paper  reinforced  with  cheese  cloth  and  painted  with  one  coat  of 
white  lead  and  oil  to  make  them  gas-tight.  A  manhole  cut  in  the 
aide  of  the  gallery  between  the  diaphragms  made  entrance  possible 
without  the  disturbing  of  the  paper  stoppings.  Observation  windows 
of  heavy  plate  glass  were  placed  at  intervals  along  the  sides  of  the 
gaHeiy.  Plate  I  shows  the  general  appearance  of  the  gallery  and 
testing  house.  Electrical  connections  were  brought  through  bushings 
in  the  side  of  the  gallery  to  a  slate  terminal  board. 

•  Bomtt,  O.  A.,  Tbe  natoial  gu  used  at  Pittsburgh:  BuU.  15,  Bunaa  of  Mines,  1912,  p.  66. 
ftldem^p.  77. 
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Pipe  connections  for  the  circulating  fan  were  made  so  that  the 
mixtures  entered  and  left  at  the  same  end  of  the  gallery.  The  dis- 
charge point  was  about  in  the  middle  of  one  end  and  directed  the  gases 
horizontally  along  the  gallery.  The  velocity  with  which  the  mix- 
tures entered  carried  them  the  entire  length  of  the  gallery  and  in 
returning  to  the  point  where  the  fan  intake  was  connected  they 
filled  the  gallery  completely  with  a  uniform  mixture. 

CIRCULATING  PAN   AND  PIPING. 

A  6-inch  exhaust  fan,  driven  by  an  electric  motor,  was  installed 
outside  the  gallery  for  mixing  and  circulating  the  gas  and  air.  This 
fan,  as  connected,  had  a  capacity  of  about  1,000  cubic  feet  per  minute. 
The  gas-feed  connection  was  made  to  the  fan  intake  so  as  to  obtain 
a  preliminary  mixing  of  the  gas  and  air  before  they  entered  the 
gallery. 

The  fan  was  so  connected  to  the  gallery  that  it  could  be  used  either 
to  circulate  the  mixture  through  the  gallery,  draw  the  mixture  through 
the  motor  casing,  withdraw  the  mixture  from  the  gallery,  or  force 
fresh  air  into  the  gallery. 

GAS-PERCENTAGE   INDICATOR. 

It  was  necessary  to  be  able  to  determine  quickly  and  accurately 
when  the  gas  and  air  were  mixed  in  proper  proportions.  Chemical 
analysis,  although  accurate,  was  obviously  not  suited  to  the  purpose. 
On  account  of  conditions  which  were  unavoidably  associated  with 
the  test  it  was  not  expedient  to  attempt  to  obtain  accurate  mixtures 
by  combining  proportionate  volumes  of  gas  and  air.  To  overcome 
these  difficulties,  an  instrument^  was  devised  that  burned  a  smaU 
quantity  of  the  gaseous  mixture  in  close  proximity  to  a  thermocouple 
that  was  connected  to  a  delicate  miUivoltmeter.  Plate  II  shows  the 
general  arrangement  of  the  apparatus;  figure  1  shows  the  details. 
This  device  was  connected  to  the  fan  discharge  so  as  to  indicate  the 
percentage  of  gas  in  the  mixture  that  was  being  circulated  through 
the  gallery.  By  setting  the  valves  in  the  piping  system  so  that  the 
fan  took  the  mixture  from  the  motor  casing  only^  it  was  possible  to 
determine  immediately  and  accurately  when  the  casing  had  become 
filled  with  the  correct  mixture. 

The  operation  of  the  device  was  simple.  The  mixture  was  fed  to 
the  device  at  constant  pressure,  maintained  by  reference  to  a  sensi- 
tive water  gage  connected  at  the  point  c,  and  was  burned  at  the  point 
a  just  below  the  thermocouple,  ignition  being  accomplished  by  a 
jump  spark  between  the  point  b  and  the  casing  of  the  plug.    Once 

•  In  this  Initnnneat  tue  wm  made  of  a  oombtaed  aotomobile  vpark  plug  and  thermocouple  Invented 
and  developed  by  N.  Iftmroe  Hq^Uns,  of  Waahlngton,  D.  C. 


p 
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ignited,  the  gaa  burned  as  a  continuous  flame  and  not  as  a  series  of 
esplosions.  Obviously  the  deflection  of  the  miUivoIttneter  was  maxi- 
mum when  the  ratio  of  gas  to  air  in  the  mixture  was  such  that  the 
greatest  amount  of  heat  was  evolved  when  the  mixture  was  burned. 


Twm  l._Dalal1i  of  pis-penBiit«ea  [ndloaUir.  a,  Toliit  at  whlcb  gas  is  burned;  6,  apaik point;  e,  wBte> 
we  imneclfaiil;  d,  vent  for  burned  gas;  t,  aonbnl  valve;/,  tbennocouple;  f,  gu  iDtske;  S,  vaiar-]acket 
dbctarie;  (,  waterjacket  Inlet;  k,  uptake  tube;  {,  Ignitloa  wlia;  m,  mlUivaltiiMler;  n,  tbeimDConple  leiTsl- 
°>l:  t,  doabia  layer  ol  gatue. 

l^or  the  natural  gas  xaed  this  ratio  is  8.6  per  cent  gas  to  91.4  per  cent  air, 

uid,  as  previously  stated,  this  mixture  is  most  sensitive  to  ignition. 

The  device  was  standardized  by  analysis  of  the  mixtures  that  gave 

uiudmum  voltmeter  deflections.    The  results  agreed  closely  with  the 
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theoretical  value  of  8.6  per  cent  gas.  The  standardizmg  was  done  in 
the  chemical  laboratory  of  the  Bureau  of  Mines  experiment  station 
at  Pittsburgh  by  G.  A.  Burrell^  assistant  chemist. 

In  making  tests  with  percentages  of  gas  greater  or  less  than  8.6  the 
amount  of  gas  required  t9  give  8.6  per  cent  imder  the  conditions  of 
the  test  was  first  determined  and  then  a  proportional  amoimt  was 
used  for  the  desired  percentage.  The  results  obtained  by  means  of 
the  device  have  been  satisfactory  and  consistent,  as  is  shown  by  the 
agreement  of  the  pressures  obtained  in  the  tests.    (See  table,  p.  10.) 

BEOOBDING  PBESSUBE  INDIOATOB. 

An  indicator  of  the  type  used  in  taking  cards  on  gas  engines  was 
connected  to  the  motor  casing  near  the  relief  valves.  The  indicator 
dnmi  was  wound  against  its  spring  and  held  in  tension  by  a  ratchet 
which  was  released  by  an  electromagnet  at  the  same  time  that  the 
exploding  spark  was  applied.  By  this  arrangement  a  curve  was 
obtained  which  resembled  one-half  of  an  indicator  diagram  taken  on 
an  engine.  The  curves  are  to  be  read  from  right  to  left;  that  is,  the 
explosion  is  to  be  considered  as  beginning  at  the  right-hand  side  of 
each  diagram.  This  card  showed  the  relative  rate  of  propagation  of  the 
explosion  as  well  as  the  maximiun  pressure  developed  within  the 
motor  casing.  The  maximum-pressiu^e  indication  served  as  an  excel- 
lent check  upon  the  performance  of  the  gas-percentage  indicator. 

A  gas-engine  indicator,  on  accoimt  of  the  inertia  of  its  moving  parts, 
is  not  well  suited  to  the  observation  of  explosion  pressures  that  vary- 
rapidly  over  wide  ranges.  Although  the  results  obtained  gave  all 
the  information  that  was  necessary  for  the  purpose  of  the  present 
investigation,  it  is  doubtfid  whether  the  curves  indicate  the  true 
variations  of  pressure,  especially  for  the  alternate  positive  and  nega- 
tive values  recorded. 

It  was  not  considered  necessary  to  perfect  the  drum-revolving 
mechanism  so  as  to  produce  a  uniform  speed  of  rotation.  The  infor- 
mation that  might  have  been  obtained  would  have  been  interesting  but 
was  not  indispensable  to  the  investigation.  Therefore  the  angular 
velocity  of  the  drum  was  not  made  uniform  and  the  time  of  rotation 
was  not  the  same  in  all  tests.  The  relative  times  of  operation  of  the 
igniting  spark  and  the  drum  release  were  also  varied  in  order  to 
obtain  a  more  or  less  open  curve  at  the  point  of  maximum  pressure. 

MEANS  OF   IGNITION. 

The  gaseous  mixtures  inside  the  motor  casing  were  ignited  some- 
times by  a  spark  from  the  brushes  and  sometimes  by  a  gas-engine 
spark  plug. 

The  latter  method  gave  better  control  and,  as  comparative  tests 
showed  no  difference  in  results  obtained^  was  the  means  of  ignition 
used  in  nearly  all  teste. 
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Several  spark  plugs  were  screwed  into  the  motor  casings  at  different 
points  in  order  to  determine  the  effect  of  initiating  the  explosion  at 
points  somewhat  remote  from  the  openings  of  the  protective  devices. 

MOTOB  PIPING. 

In  the  earUer  tests  the  pressures  developed  within  the  motor 
casing  under  presumably  constant  conditions  varied  in  an  annojdng 
mamier.  The  cause,  which  was  not  located  for  several  months, 
proved  to  be  the  incomplete  filling  of  the  motor  casing  with  the 
gaseous  mixture.  In  the  earUer  tests  only  two  openings  in  the 
motor  casing  were  provided  for  the  entrance  of  the  gaseous  mixture, 
and  the  pipe  connecting  the  casing  of  the  motor  to  the  intake  of  the 


FiGUBX  2r-'P)BD  of  testing  apparatus:  a,  Qas-percentage  Indicator;  b,  miliivoltmeter;  e,  6-inch  quick- 
dosing  gate  valves;  d,  gas  meter;  e,  gas-control  valves;  /,  air-control  valve;  g,  recording  ptessure  indicator; 
K  releese  magnet  for  pressure  indicator;  i,  l^inch  quick-closing  gate  valves;  k,  spark  plug  for  Igniting  mix- 
tore  within  casing. 

drculation  fan  was  tapped  into  the  former  at  only  one  point.  As  a 
result  the  gaseous  mixture  probably  passed  through  the  motor  casing 
in  a  more  or  less  defined  stream  and  left  comers  and  crevices  unfilled 
with  the  explosive  mixture. 

The  gas-percentage  indicator  showed  that  the  mixture  passing 
through  the  motor  contained  8.6  per  cent  of  gas,  and  for  this  reason 
attention  was  for  some  time  diverted  from  the  true  cause  of  the 
variations  in  pressure.  The  trouble  was  finally  eliminated  by  pro- 
viding in  the  motor  casing  four  to  six  openings  for  the  entering  gas 
and  by  tapping  the  motor  casing  at  four  points  for  connection  to  the 
intake  of  the  circulating  fan.  All  these  openings  had  quick-closing 
gate  valves  for  isolating  the  casing  from  the  gallery  air  and  all 
exterior  piping  before  the  appHcation  of  the  spark.  Figure  2  shows 
the  arrangement  of  the  pipe  connections. 
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TEST  PROCEDURE. 
OBNEBAL  3CETHOD. 

In  testing  the  motors  the  casmgs  were  completely  filled  and  sur- 
rounded with  various  mixtures  of  gas  and  air.  The  mixture  within 
the  casings  was  exploded  by  an  electric  spark,  and  the  character  and 
extent  of  the  discharged  products  of  combustion  and  their  action 
upon  the  surrounding  gaseous  mixture  were  noted.  Means  were 
provided  for  measuring  the  pressure  developed  by  an  explosion 
within  the  casing. 

Tests  were  made  with  various  percentages  of  gas  in  the  casing 
mixture,  with  and  without  coal  dust  in  the  protective  devices,  and 
with  several  different  points  of  ignition.  Tests  were  also  made  while 
the  motors  were  running  at  rated  speed.  In  some  of  the  tests  the 
casing  mixture  was  ignited  by  a  spark  from  the  brushes.  In  other 
tests  the  mixture  was  ignited  by  a  spark  plug. 

DETAILS  OF  OPERATION. 

.  In  making  the  tests  arrangements  we^e  made  for  ignition  at  the 
desired  point,  a  card  was  placed  on  the  drum  of  the  recording  pressure 
indicator,  and  the  gallery  was  closed.  The  circulating  fan  was  then 
started  and  the  valves  set  for  circulating  the  mixture  through  the 
gallery.  One  hundred  cubic  feet  of  gas  was  then  admitted  to  the 
gallery;  the  percentage  indicator  was  then  connected,  and  for  several 
minutes  the  gas  and  air  were  mixed  and  circulated  by  the  fan,  gas 
being  added  as  the  indicator  showed  that  it  was  required.  The  fan 
intake  was  then  switched  from  the  gallery  piping  to  the  pipe  leading 
to  the  motor  casing,  and  for  several  minutes  the  mixture  was  drawn 
into  the  casing  and  the  percentage  of  gas  was  observed  by  the  indi- 
cator. If  the  indicator  showed  that  the  proper  mixture  was  not 
present,  gas  or  air  was  added  as  needed. 

If  the  gas-percentage  indicator  showed  that  the  motor  casing  was 
properly  ''gassed,''  the  gallery  mixture  was  noted  for  one  minute  and 
then  the  mixture  in  the  motor  casing  was  noted  for  one  minute  more. 
If  both  gallery  and  casing  mixtures  proved  to  be  correct,  the  fan  was 
stopped  and  all  valves  leading  to  the  gallery  and  to  the  motor  casing 
were  closed.  The  operator  then  took  his  position  at  the  observation 
window  directly  above  the  motor  and  closed  the  switch  that  simul- 
taneously ignited  the  mixture  in  the  motor  casing  and  released  the 
drum  of  the  recording  pressure  indicator. 

The  gallery  and  the  motor  casing  were  thoroughly  aired  after  each 

test. 

PROTECTIVE  DEVICES  SUBMITTED. 

For  the  purposes  of  this  report  the  protective  devices  submitted 
for  test  have  been  classified  under  certain  typos,  designated  as  type 
A,  type  B,  etc.  The  characteristics  of  the  various  types  are  described 
below,  and  all  test  results  are  referred  to  the  devices  by  the  type 
letters. 


A.     MOTOR  EQUIPPED  WITH  TYPE  A  PROTECTIVE  DEVICE. 


S.     MOTOR  EQUIPPED  WITH  TYPE  E  PROTECTIVE  DEVICE. 


TEST  PBOCEDURB. 
TTPB  A  DZVIOBS. 


The  type  A  devices  (PI.  Ill,  A,  B,  and  C,  and  fig,  3)  consisted  of 
three  layers  of  gauze  protected  by  a  poppet  valve.  The  motor  used 
for  testing  was  equipped  with  two  of  these  devices,  one  of  which  was 
fastened  to  each  side  of  that  part  of  the  motor  casing  that  covered 
the  commutator.     (PI.  TV,  ^1.) 


TTPE  B  DEVICES. 

The  type  B  devices  consisted  of  two  unprotected  layers  of  gauze 
having  an  exposed  area  of  approximately  4  by  54  inches.  The  motor 
that  was  submitted  was  provided  with  two  of  these  devices,  one  of 
which  was  fastened  to  each  side  of  that  part  of  the  motor  casing  that 
covered  the  commutator. 

TYPE  C  BEVZCES: 

The  type  C  devices  con- 
sisted of  five  brass  ba£9e 
plates  (PI.  V,  A  and  B,  and 
fig.9).  The  motor  testedwas 
provided  with  two  of  these 
devices,  one  of  which  was  fas- 
tened to  the  motor  casing  on 
each  side  of  the  bearing  on 
the  commutator  end  of  the 
machine. 

TTPZ   D   DEVICES. 

The  type  D  devices  con- 
aisted  of  two  sets  of  plates, 
one  of  which  was  located  at  each  end  of  the  motor  casing,  as  shown 
in  Plate  V,  C.  Each  set  contained  43  plates  of  sheet  iron  1  mm. 
in  thickness  and  spaced  1  mm.  apart  by  small  pieces  of  the  material 
from  which  the  plates  were  made.  The  plates  were  in  the  shape  of 
Sat  lings  having  an  inside  diameter  of  30  cm.  and  an  outside  diameter 
of  40  cm.  The  total  relief  area  of  each  set  at  the  inside  edges  of  the 
plates  was  24  square  inches  and  at  the  outside  edges  34  square  inches. 

TTPE  B  DEVICES. 

The  type  E  devices  consisted  of  two  sets  of  gauze  and  baffle  plates, 
one  of  which  was  placed  at  each  side  of  the  motor  casing  at  the  com- 
mutator end,  as  shown  in  Plate  TV,  B.  Each  set  consisted  of  five 
sheets  of  30-mesh  brass  gauze  4^  by  6  inches,  separated  a  distance  of 
one-fourth  inch  by  bronze  spacers  in  each  of  which  were  16  holee 
one-half  by  1}  inches.  These  sheets  and  spacers  were  inclosed  by  a 
4119«»— Bull.  48-12 2 
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bronze  cover  having  a  double  baffle  plate  at  the  outlet  (PL  VI,  B,  O, 

and  fig.  12).    The  whole  was  held  to  the  motor  casing  by  four  f-inch 

cap  screws. 

RESUIiTS  OF  TESTS. 

In  the  description  of  the  results  of  the  tests  each  type  of  protection 
is  considered  separately.  Following  the  individual  reports  is  a  gen- 
eral discussion  of  the  investigation  as  a  whole. 


MEANINO  OF  <<  PTTNCTUBB. 
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For  the  sake  of  simplicity  and  to  avoid  confusion,  the  term  "punc- 
ture" has  been  applied  to  the  ignition  of  the  gaseous  mixture  sur- 
rounding a  motor  casing  by  flames  discharged  from  it.^  In  any  test 
results  in  which  "punctxu'e"  is  reported  the  protective  devices  failed 
to  perform  their  safeguarding  function,  as  evidenced  by  the  fact  that 
the  gaseous  mixture  outside  the  motor  was  fired  by  flames  from 
within. 

TESTS  OF  TYPE  A  PROTECTIVE  DEVICES. 

The  type  A  devices  were  the  first  ones  tested  and  some  of  the  tests 
were  merely  preliminary.  The  investigation  of  these  devices  would 
no  doubt  be  carried  on  differently  if  it  were  to  be  repeated  in  the  light 
of  present  knowledge. 

The  design  of  the  devices  made  it  necessary  to  test  under  an  unusu- 
ally large  number  of  conditions.  As  there  were  moving  parts,  tests 
with  the  parts  in  various  positions  were  essential. 

One  hundred  and  ninety-one  tests  were  made  on  these  devices 
under  forty-five  different  conditions.  Ten  or  more  tests  were  made 
under  each  of  ten  conditions  and  not  less  than  two  tests  under  any 
condition. 

In  the  following  tabulation  are  enumerated  the  conditions  sur- 
rounding each  test,  the  maximum  pressure  developed  within  the 
motor  casing,  the  number  of  tests  made,  and  the  number  of  "punc- 
tures" which  took  place.  For  each  set  of  conditions  a  character- 
istic pressure  card  is  shown  in  figures  4,  5,  6,  and  7. 

DETAILS. 

The  details  of  the  type  A  protective  devices  are  so  clearly  shown  in 
Plate  III,  and  figure  3  that  description  is  not  necessary.  Plate  IV, 
A,  shows  the  location  of  the  devices  upon  the  motor  frame. 

MOTOR. 

The  motor  to  which  the  type  A  protective  devices  were  attached 
was  a  250-volt,  compound-wound,  totally  inclosed,  direct-current 
motor  arranged  for  gear  connection  to  a  coal-cutting  machine.  It 
was  guaranteed  to  deliver  24  horsepower  for  30  minutes,  with  a 
maximum  temperature  rise  of  75^  C. 

a  Tbis  term  has  been  uacd  In  the  same  sense  by  William  Baum  in  his  article  "  Fire-damp  proof  appaistaa/' 
General  Electric  Review,  vol.  13, 1910,  No.  9. 


.    MOTOfi  EQUIPPED  WITH  TYPE  C  PROTECTIVE  DEVICE,  SHOWING  F 


B.    SIDE  VIEW  OF  THE  MOTOR. 


C     MOUNTING  OF  TVPE  O  PROTECTIVE  DEVICE. 
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Both  poppets  fr«« 
&•](  gas  and  dait. 
Back  igoltloB. 
JIamcc  red  •  solid  • 
Mh'  beyond  poppet. 


Card  No.  A- 118.        Both  poppeU  freo. 

Max.  press.  M.Slbt.  9.9%  fas  and  dost. 

"*o  punctare.  Front  ignition. 

flames  red  -  aolid  • 
33l*  beyond  poppet 


Card  No.  A- 110. 
Max.  press.  23.5  Iba. 
No  punctare. 


Both  poppete  free. 
«.»<  taa. 

Back  Icnitlon. 
Fiance  pale  yellowish- 
perple-  solld-2*  beyond 
poppet. 


Card  No.A-86. 
Max.  press.  40.6  lbs. 
No  puncture. 


Beth  poppets  free. 
•Seas. 

Back  ignition. 

Flames  reddish  purple. 

•eiid-S*  beyond  poppet. 


Card  No.  A-n. 
If  ax.  press.  41.0  lbs. 
No  punctare 


Both  poppets  free. 
8.9%  gas. 
Front  ignition. 
Flames  reddish  yellow- 
aolid*2*  beyond  poppet. 


Card  No.  A-30. 
If  ax.  press.  10.7  lbs. 
Ho  puncture. 


Both  poppets  free. 
9|ges. 

Front  Ignition. 
Flames  red-thln- 
Ih'  beyond  poppet. 


Card  No.  A-SO. 
Max.  press.  21.0  Ibi. 
No  puncture. 


Beth  poppets  free. 
9^%  gas. 

Back  ignition. 

Flames  yellowish-purple-thtn 

sad  scattering-  2'  beyond 

poppet. 


Card  No.A-133. 
Max.  press.  3S.g  lbs. 
No  puncture. 


Both  poppets  free.  Card  No.  A-gg. 

9.9%  gas.  Max.  press.  14.6  Ibi. 

Front  ignition.  No  puncture. 

Flames  purplish  red-aolid- 
Zh"  beyond  poppet. 


Both  poppets  free. 
WlTgas. 

Back  ignition. 

Flames  pale  blae-very  thin* 

IH*  beyond  poppet. 


Card  No.  A-134. 
Max.  press.  31.0  lbs. 
No  puncture. 


Both  poppete  free.  Card  Ho.-  A-OO. 

lOjK  gas.  Max.  press.  10.5  Ibt. 

Front  ignition.  No  puncture. 

Flames  pale  blue-thin  and 
scattering'l)4*  beyond  poppet. 


Beth  poppets  free. 
U«  gaa. 

Back  Ignition. 
Flames  pale  blue-thln- 
3*  beyond  poppet. 


Card  NO.A-13B. 
Max.  press.  23.5  lbs. 
No  puncture. 


Both  poppets  free. 
10.6]r  gas. 
Front  ignition. 
Flames  bluish  whlte-thtn 
and  scattering:  1.6*  beyond 
poppet. 


Card  No.  A-83. 
Max.  press.  0.0  lbs. 
No  puncture. 


Beth  poppets  free. 
US  gas. 
Back  Ignition. 
FlsflMs  white-very  thin* 
h*  beyond  poppet. 


Card  No.  A- 140. 
Max.  press.  14.5  lbs. 
No  puncture. 


Both  poppets  free. 
n%  gas. 

Front  Ignition. 
Flames  InTiaible. 


Card  No.  A-OO. 
Max.  press.  4.0  Ibi. 
No  puncture. 


FiouBB  4.— Pressure  diagrams  for  type  A  protective  device. 
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BXPLOSION-PBOOF  MOTOBS. 


One  poppet  plugged 
8,9%  gas  and  datt. 
Back  ig&ltion. 
Klames  red-aolid> 
2.6'  beyond  poppet. 


Card  Ho.  A-IM.  One  popp«t  plugged 

Max.  preaa.  44.0  Ibe.  8.«f  gaa  and  dust. 
No  panctarc.  Front  Ignition. 

Plamea  red-aolid- 
3H*  beyond  poppet. 


Card  Ho.  A- 120. 
Max.  preaa.  38.0  Iba. 
No  puncture. 


One  poppet  plugged. 
M%  gaa. 

Back  Ignition. 

Flamea  reddlah  yellow.thin 

1.5*  beyond  poppet. 


Card  No.A-140.  One  poppet  plugged. 

Max.  preaa.  44.5  iba.  8,9%  gaa. 
No  puncture.  Front  ignition. 

Flamea  reddiab  yellow.aolid 
2'  beyond  poppet. 


Card  N0.A-2M. 
Max.  preaa.  43.0  Iba. 
No  puncture. 


One  poppet  plugged. 
0<g«a. 

Back  ignition. 

Flamea  reddiah-purple- 

aolld-2.5*  beyond  poppet. 


Card  No.  A-ISO.  Unc  poppet  plugged. 

Max.  preaa.  43.0  Iba.  9%  gaa. 

o  puncture.  Front  ignition. 

Flamea  reddlab-yellow 
aohd-2'  beyond  poppet,  i 


Card  No.  A  141. 
Max.  preaa.  38.6  Iba. 
No  puncture. 


One  poppet  plugged. 

•.i%  (XI. 
Back  ignition. 
Flamea  bluiah  yellow, 
nexrly  aolid  -  3*  beyocd 
poppet. 


Ctrd  No.  A'UO.  One  poppet  plugged. 

Max.  preaa.  38.0  Iba.  9.i%  gaa. 
No  puncture.  Front  ignition. 

Flamea  reddiab -vellow. 

aolld-2H*  beyond  poppet. 


Card  NO.A-10J. 
Max.  preaa.  28.5  Iba. 
No  pu nature. 


One  poppet  plugged. 
iO%  gaa. 

Back  Ignition. 

Flamea  yellowiifapurple 

tliln-1.5*  beyond  poppet. 


Oue  poppet  plugged. 
Card  No.  A -ISO.        lOjK  gaa. 
Max.  prcit  SD.o  Iba.  Front  Ignition. 
No  punctuic.  Flamei  yellowiab  purple- 

aolid-23«"  beyond  poppel. 


Card  No.  A- 150. 
Max.  preaa.  2S.0  Ibt. 
No  puncture. 


One  poppet  plugged. 
10.5f  gaa. 
Back  ignltiou. 
Flamea  pale  bloe-thio* 
1.5'  beyond  poppet. 


Card  No.  A-lflS.  One  poppet  plugged. 

Max.  preaa.  23.6  Iba.  WM  gnt. 

Front  Ignition. 

Flamea  yellowlab  purple. 

thio-lH'  beyond  poppet. 


No  puncture. 


Card  No.  A-151. 
Max.  preaa.  18.6  Ibt. 
No  puncture. 


One  poppet  plugged. 

n%tM. 

Back  ignition. 

Flamea  bluiah  whlta- 

▼ery  thin-1*  beyond  poppet. 


Card  No.  A-103.  One  poppet  plugged. 

Max.  preaa.  13.0  Iba.  l\%  gai. 
No  puncture.  Front  ignition. 

Flamea:  none. 


Card  NO.A-1S5. 
Max.  preaa.  11.0  Iba. 
No  puncture. 


Figure  5.— Pressure  diagrams  for  type  A  protective  device. 


MEMBERS  OF  MOTOR  USED  WITH  TVPE  D  PROTECTIVE  DEVICE. 


B.    PARTS  Of  TVPE  e  PROTECTIVE  DEVICE. 


FRONT  AMD  BACK  OF  TYPE  E  PHOTECTIve 


RESULTS  OP  TESTS. 


21 


Both  poppcti  free 
Freoi  IffBttioB. 


ftAd  opn.    o*rd  Bo.  A-loe. 

Mfts.  proM.  12.6  Ibt. 
Fiinctora. 


Poppets  free  and  opea. 

Front  Ignition. 
Flamei  InTlslble. 


Card  Ho.  A-UQ. 
Has.  preae.  ia.0  Iba. 
Punctare. 


One  poppet  plasfvd,  other  open.  One  poppet  plugged. other  open.    Card  Bo.  A-129. 

«.«]ltu.  Card  Bo.  A-IOS.        8.«S  gat.  Max.  press.  41.5 lbs. 

Front  Ignition.  Max.  press.  3S.5  Ibt.  Back  ignition.  /\2Io  punctare. 

FlnnMB  reddish  yellow.  Bo  puncture.  Flames  purplish  yellow- 

aolld  •  3.5"  beyond  poppet./^  fairly  solid  -  2.5*  beyond- 

poppet. 


Odc  poppet  plugged,  other  open.   Card  No.  A<187.        One  poppet  plugged,  other  open.  Card  Bo.  A'in. 
9%  gaa.  Max.  press.  40.5  lbs.  9%  gas.  Max.  press.  40.6  lbs. 

Front  Igaltlon.  /\  So  puncture.         *   Back  ignition.  /Vo  puncture. 

FlAOics  reddish  purple-  /   \  Flames  reddish  purple- 

solid  -  3.5*  beyond  poppet.    /      \  solid  -  3.5*  beyond  poppet. 


Oae  poppet  plugged,  other  open.  Card  Bo.  A-2S1. 
*-AS  gM>  Max.  press.  33.5  lbs. 

Front  Ignition.  »©  puncture. 

Flaoiea  reddish  yellow - 
chte  -  1.5'  beyond  poppet. 


One  poppet  plugged,  other  open.    Card  Bo.  A-131. 
0.6]|  gas.  Max.  press.  38.0 lbs. 

Back  Ignition.  _  {lo  puncture. 

Flames  bluish  yellow-  '^ 

tbln  -  2*  beyond  poppet. 


tjsepoppet  plugged,  other  open.  ^^^^  ^^  ^  ^ 

Fnntl<>ltlon.  ¥"n  J?.7t*n«""  *'*'' 

—        ------  ihln-        Bo  puncture. 


reddish  yrllo 
r.5*  beyond  poppet. 


One  poppet  plugged,  other  open.   «     .  „      .  .^ 
IQf  fi.  Card  Ko.  A-IBO. 

Back  ignition.  ¥jf  l.f„"?tV;i*'  ***■• 

Flames  reddish  purple- solid  Bo  puncture. 

1.5*  beyond  poppet. 


One  poppet  plugged,  other  open. 
i»A%  na.  Card  Bo.  A- 182. 

Fremt  Ignition.  Max.  press.  18.0  lbs. 

Fluaea  yellowish  blue-thin-        Bo  punctvre. 
1.5*  boyond  poppet. 


One  poppet  plugged. 
10.5%  gas. 
Back  Igultlon. 
Flames  pale  blue-solld- 
1.5*  beyond  poppet. 


Card  Bo.  A -100. 
Max.  press.  21.0  lbs. 
Bo  puncture. 


poppet  plugged,  other  open. 

Card  Bo.  A.|84. 
Max.  press.  4.5  lbs. 
Bo  puncture. 


Front  IgBition. 


One  poppet  plugged,  other  open. 
n%  gas.  Card  Bo.  A.18B. 

Back  Ignition.  Max.  press.  17.0  lbs. 

Flames  blue-thin-  Bo  puncture. 

1.5*  beyond  poppet. 


FiouRB  6.— Pressure  diagrams  for  type  A  protective  device. 
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EXPLOSION-PROOF  MOTORS. 


Connection  to  ihe  service  line  was  made  with  plug  leads,  the  sock- 
ets for  which  were  inclosed  in  an  iron  box  attached  to  the  motor 
frame.  Upon  the  motor  frame  were  also  mounted  an  iron  box 
containing  a  reversing  switch  and  a  similar  box  containing  a  starting 
switch,  contacts,  resistance,  and  a  single-pole  fuse.  None  of  these 
boxes  communicated  with  the  interior  of  the  motor  casing;  none  of 
them  was  gas-tight,  and  none  of  them  was  provided  with  explosion- 
proof  protective  devices.  All  conductors  entering  these  boxes  or 
the  motor  casing  passed  through  holes  bushed  with  rubber  or  hard 
fiber. 

The  unoccupied  space  within  the  motor  casing  had  a  total  volume 
of  1.2  cubic  feet.  The  combined  minimum  area  of  the  relief  openings 
in  the  protective  devices  was  5.22  square  inches. 

The  motor  was  at  rest  in  all  the  tests  recorded. 


Both  poppets  free. 

Front  Ignition. 

Flnmot  7«llowitb-purpl«- 

•olld-2*  beyond  poppet. 


Cardllo.A-178. 
Has.  press.  24.0  Ibi. 
Mo  puncture. 


Botb  poppets  free. 
7.6%  f  AS. 
Front  Ignition. 
Flames  pale  bloe-thln* 
L5*  beyond  poppet. 


Oai4  Ho.  A-IM. 
Max.  preai.  S0.5  Iba. 
Vo  pancture. 


Both  poppets  free. 
7%  MM. 

Front  ignition. 
Flames  ligbt  blue* 
thin*  1.6'  beyond  poppet. 


Card  Vo.  A-173. 
Max.  press.  16.6  lbs. 
Hq  pnncture. 


Both  poppets  free. 
0.5JK  gas. 

Front  ignition. 
Flames  bloe-tbin- 
I'  beyond  poppet. 


Card  Bo.  A*176. 
Max.  press.  8.0  Ibi. 
Bo  puncture. 


FiovsK  7.— Pressure  diagrams  for  type  A  protecllve  device. 
IGNITION   POINTS. 

In  the  tabulated  report,  "Front  ignition"  refers  to  ignition  from  a 
spark  plug  screwed  into  the  motor  casing  at  a  point  directly  above 
the  commutator  and  near  the  protective  devices.  "Back  ignition" 
refers  to  ignition  from  a  similar  spark  plug  screwed  into  the  pinion 
end  of  the  motor  casing  as  far  as  possible  from  the  protective  devices. 

POPPET   CONDITION. 

In  the  tabulation,  under  the  heading  "Poppet  condition,"  the 
expression  "both  free"  means  that  the  poppet  valves  were  closed 
but  free  to  move  as  designed;  "one  plugged"  means  that  one  poppet 
valve  was  fastened  in  the  closed  position  so  that  it  could  not  move, 
whereas  the  other  poppet  was  in  its  normal  position  and  condition. 

"Both  free  and  open"  means  that  the  springs  were  removed  from 
the  valve  stems  and  the  poppets  pulled  open  before  the  explosion 
within  the  motor  casing  was  initiated.  "One  plugged,  other  open" 
means  that  one  poppet  valve  was  as  specified  under  "one  plugged," 
whereas  the  other  was  as  specified  under  "both  free  and  open." 


SESULTS  OF  TESTS. 


23 


Flames  were  discharged  through  the  protective  devices  in  almost 
every  test.  Except  in  some  of  the  "overgas"  tests  the  flames  were 
never  less  than  2  inches  in  length  and  often  were  longer.  The  maxi- 
mum flame  length  was  about  4  inches.  The  flames  lasted  only  a 
fraction  of  a  second  and  varied  in  color  from  pale  blue  to  bright  red. 

Table  1. — Results  of  tests  of  type  A  protective  devices . 


" 

Typical  pressure 

1 

Qas 
percent- 
age. 

Ifaxl- 

diagram. 

Num- 

Num- 

Oroop 
No. 

Poppet  OQQ- 

d&oa. 

Ignition 
point. 

mom 
prea- 
ture. 

Outside 
flamea. 

ber  of 

tests 

made. 

ber  of 
"punc- 
tures." 

Card 
number. 

Figure 
num- 

ber. 

Poundt 

« 

1 

BoU&ftee 

8.6 

Front... 

perg-J.. 

Yes 

A-30 

15 

0 

3 

do 

8.6 

Back.... 

43.5 

Yea 

A-85 

13 

0 

3 

do 

9.0 

Front... 

31.0 

Yes 

A-86 

3 

0 

4 

do 

0.5 

...do.... 

14.5 

Yes 

A-88 

3 

0 

fi 

do 

10.0 

...do.... 

11.0 

Yes 

A-QO 

3 

0 

« 

do 

las 

...do.... 

9.0 

Yes 

A-^ 

3 

0 

7 

do 

11.0 

...do.... 

4.5 

Yea 

A-96 

3 

0 

8 

do 

0.0 

Back.... 

41.0 

Yes 

A-97 

3 

0 

9 

do 

9.5 

...do.... 

36.5 

Yes 

A-133 

3 

0 

10 

do 

10.0 

...do.... 

81.0 

Yes ..... 

A-134 

3 

0 

U 

.. — do.. 

10.5 

...do.... 

35.0 

Yes 

A-138 

3 

0 

IS 

.....do.. 

11.0 

...do.... 

18.0 

Yes 

A-140 

3 

0 

U 

do 

8.0 

Front... 

34.0 

Yes 

A-178 

3 

0 

14 

do 

7.5 

...do.... 

93.0 

Yes 

A-169 

3 

0 

15 

do 

7.0 

...do.... 

16.0 

Yes 

A-173 

3 

0 

le 

do 

6.5 

...do.... 

7.5 

Yes 

A-175 

2 

0 

17 

do 

a8.6 

.. .do.... 

37.5 

Yes 

A-llO 

10 

61 

18 

do 

a&6 

Back.... 

45.8 

Yes 

A-118 

10 

0 

19 

One  plugged.. 
do 

8.6 

Front... 

43.0 

Yes 

A-260 

5 

10 

0 

90 

8.6 

Back.... 

44.5 

Yes 

A-145 

5 

10 

0 

91 

do........ 

0.0 

Front... 

88.5 

Yes 

A-141 

5 

3 

0 

99 

.....do 

0.6 

...do.... 

30.0 

Yes 

A-108 

5 

3 

0 

99 

do. 

10.0 

...do.... 

35.0 

Yes 

A-150 

5 

3 

0 

94 

do... 

10.5 

.. .do.... 

18.5 

Yes 

A-lSl 

5 

3 

0 

95 

do 

11.0 

..  .do.... 

11.0 

No 

A-155 

5 

3 

0 

96 

do 

9.0 

Back.... 

43.0 

Yes 

A-156 

5 

3 

0 

97 

do........ 

9.5 

...do.... 

88.0 

Yes 

A-136 

5 

3 

0 

98 

do... 

10.0 

...do.... 

33.0 

Yes 

A-169 

6 

4 

0 

99 

do 

10.5 

...do.... 

35.0 

Yes 

A-163 

6 

3 

0 

90 

do 

II.O 

..  .do.... 

14.5 

Yes 

A-163 

5 

3 

0 

31 

do 

•8.6 

Front... 

47.0 

Yes 

A-120 

5 

10 

0 

89 

do 

•8.6 

Back.... 

47.0 

X es. .... 

A-146 

6 

13 

0 

38 

Both  fine  and 
open. 

8.6 

Front... 

18.0 

Yes 

A-108 

6 

8 

3 

34 

One  plugged, 
other  open. 

8.6 

...do.... 

37.5 

Yea 

A-105 

6 

10 

0 

35 

do.. 

&6 

Back.... 

45.5 

Yes 

A-129 

A-W 

6 

10 

0 

36 

do 

9.0 

Front... 

40.5 

Yes 

6 

2 

0 

37 

do 

0.5 

...do 

33.5 

Yes 

A-2S1 

6 

3 

0 

38 

do........ 

10.0 

...do.... 

30.6 

Yes 

A-250 

6 

5 

1 

90 

do 

10.5 

. . .do. ... 

16.0 

Yes 

A-183 

6 

2 

0 

40 

do 

11.0 

..  .do.... 

4.5 

No 

A-184 

6 

2 

0 

41 

do 

9.0 

Back.... 

41.0 

Yes 

A-186 

6 

2 

0 

49 

do 

9.5 

...do 

80.0 

Yes 

A-131 

6 

2 

0 

43 

do 

10.0 

.. .do.... 

31.5 

Yes 

A-193 

6 

2 

0 

44 

do........ 

10.5 

...do 

21.0 

Yes 

A-190 

6 

2 

0 

45 

do... ..... 

11.0 

...do 

17.5 

Yes 

A-189 

6 

2 

0 

•In  this  group  of  tests  the  figures  in  the  column  headed  "gas  percentages  '*  are  self-explanatory  with 
uM  exoeptlon  of  "  8.6  and  dost."  This  means  that  finely  ground  coal  dust  was  sifted  into  the  protected 
wv1c«B  Befiore  eadi  test. 

JTbe  teat  in  which  "puncture"  occurred  was  conducted  in  the  same  manner  as  the  other  nine  tests  of 
tUs  series.  The  nsual  explosion  inside  the  motor  casing  took  place  without  causing  a  "puncture."  All 
jwtricsl  connections  with  the  motor  casing  were  then  broken  and  after  an  interval  of  several  seconds  the 
opentor  cfpened  the  quick-closing  valves,  by  which  the  casing  was  filled  with  gas.  The  gallery  exploded 
iQstantly.  This  "puncture"  can  not  be  charged  ai^alnst  the  protective  devices,  but  is  of  interest  as 
senaing  to  Indicate  that  the  presence  of  coal  dust  was  its  immediate  cause.  Probably  the  coal  dust  within 
the  motor  casing,  although  ignited  by  the  explosion,  could  not  bum  because  of  the  lack  of  oxvf^n.  When 
tlih  lack  was  supplied  by  the  opening  of  the  "gassing"  valves,  the  coal  dust  took  fire  and  ignited  the  gas 
ta  the  gallery. 


24  EXPLOSION-PEOOF  MOTORS. 

BISCXJSSION  OF  TEST  RESULTS. 
OBNBBAX  &EVIEW. 

Of  45  sets  of  conditions  assumed;  group  33  produced  "punctures" 
in  each  of  three  tests  made,  and  group  17  produced  a  single 
"puncture"  out  of  ten  tests  made.  During  the  earlier  part  of  the 
investigation  a  "pimcture"  was  obtained  under  the  same  conditions 
that  prevailed  in  group  1,  except  that  the  percentage  of  gas  in  the 
motor  casing  could  not  be  definitely  determined,  although  it  was 
known  to  be  less  than  8.6  per  cent.  No  "puncture"  that  could  be 
charged  to  defects  in  the  design  of  the  protective  devices  was  pro- 
duced in  the  182  tests  of  the  remaining  43  groups. 

With  the  relief  valves  in  their  normal  condition  no  "puncture" 
happened  in  any  of  the  80  tests  in  which  the  conditions  were  known 
and  controlled;  but  one  '^puncture"  happened  imder  indeterminate 
conditions;  as  mentioned  above. 

PERFORMANCE   OF  THE   DEVICES. 

In  order  to  produce  an  explosion  outside  a  motor  casing  the  gases 
discharged  from  the  protective  devices  must  raise  the  surrounding 
gaseous  mixture  to  its  ignition  temperature.  If  in  the  tests  the  gases 
were  discharged  at  a  temperature  lower  than  the  ignition  tempera- 
ture of  the  gas — that  is,  if  the  protective  devices  fulfilled  the  function 
for  which  they  were  designed — ^no  explosion  could  have  taken  place 
outside  the  motor  regardless  of  how  much  heat  was  discharged. 
The  presence  of  flames,  however,  showed  that  the  temperature  of 
the  discharged  gases  was  higher  than  the  ignition  temperature  of  the 
gaseous  mixtm*e  surrounding  the  motor.  Consequently,  the  tem- 
perature of  the  discharged  gases  must  have  been  reduced  by 
radiation  to  the  surrounding  gas  without  raising  the  latter  to  its 
ignition  temperature,  or  "puncture"  would  have  occurred. 

The  safety  of  a  motor  protected  as  in  these  tests,  therefore,  appears 
to  depend  upon  the  efficient  dissipation  of  heat  in  the  gaseous  mixture 
surroimding  the  motor  instead  of  upon  the  removal  of  the  heat  from 
the  escaping  gas  by  the  protective  devices;  the  gauzes  obviously  fail 
in  their  cooling  functions  since  they  do  not  prevent  the  passage  of 
flames;  therefore  it  is  probable  that  even  when  no  "puncture" 
occurs  the  escaping  gases  fail  to  ignite  the  surrounding  mixture  by 
only  a  small  margin  which  might  be  overstepped  by  a  slight  varia- 
tion in  conditions. 

The  poppet  probably  assists  in  cooling  the  escaping  gases  by  dis- 
charging them  in  a  manner  most  conducive  to  rapid  loss  of  heat; 
and  it  also  serves  to  equalize  the  pressure  on  each  side  of  the  gauzes 
which  would  otherwise  be  torn  from  their  fastenings  by  the  explosion 
within  the  casing. 
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The  unprotected  parts  of  the  relief  valves  are  exposed  to  injury 
from  falling  material  and  careless  handling,  and,  being  easily  accessi- 
ble, are  likely  to  be  put  out  of  adjustment  through  ignorance  or 
carelessness. 

THE  EXPLOSIVE  CONDITION. 

The  gaseous  nuxture  that  produces  the  most  heat  when  burned  con- 
tains 8.6  parts  of  gas  and  91.4  parts  of  air.  The  greatest  tempera- 
ture and  pressiure  is  produced  when,  such  a  mixture  is  burned  or 
exploded  most  rapidly.  The  greatest  amount  of  heat  is  discharged  at 
one  point  when  the  gases  are  made  to  escape  through  a  single  protec- 
tive device. 

All  the  above  conditions  eiristed  in  the  group  20  tests  and  yet  *  *  punc- 
ture" did  not  take  place,  although  only  one  protective  device  was  in 
service. 

In  each  of  the  group  33  tests,  with  both  protective  devices  in  serv- 
ice, *  *  puncture''  occurred.  The  total  heat  produced  was  a  maximiun, 
but  the  temperature  and  pressure  were  both  lower  than  in  the  group 
20  tests. 

In  the  group  35  tests  the  position  of  the  poppet  was  the  same  as  in 
the  group  33  tests.  The  total  heat  was  also  the  same,  the  temperature 
and  pressure  were  higher,  and  the  hot  gases  were  vented  through  a  sin- 
gle protective  device,  yet  there  was  no  ''puncture."  Card  No.  A-20 
(fig.  4)  shows  that  almost  as  soon  as  the  explosion  within  the  motor 
casing  started  the  poppets  moved  to  the  same  position  that  they 
occupied  in  the  group  33  tests.  It  therefore  .appears  that  the  condi- 
tions of  radiation  were  better  in  the  tests  of  group  35  than  in  those  of 
group  33,  probably  because  of  the  more  rapid  expansion  of  the  dis- 
charged gases  as  they  left  the  motor  casing.  In  the  single  instance 
mentioned  (p.  24)  both  poppets  were  closed  and  yet  explosion  occurred, 
In  the  group  38  tests  the  heat  developed  was  not  a  maximum,  yet  one 
test  gave  an  explosion  with  10  per  cent  gas. 

J  Since  explosions  occurred  with  poppets  open,  with  poppets  closed, 
with  8.6  per  cent  gas,  with  ''overgas,"  with  ''undergas,"  with  low 
pressure  (12.5  pounds),  and  with  comparatively  high  pressure  (30.5 
pounds),  it  is  not  possible  exactly  to  define  what  constitutes  the 
explosive  condition  for  the  type  A  protective  device  as  appUed  to  the 
particular  motor  tested. 

STARTING    BOX  AND  CONNECTIONS. 

With,  safety  devices  on  the  motor  casing  it  is  hardly  consistent  to 
leave  the  starting  box  unprotected.  A  spark  sufficiently  large  to 
ignite  gas  may  be  drawn  every  time  the  motor  is  started,  and  if  gas  is 
present  the  heat  due  to  its  explosion  must  be  absorbed  by  something 
if  ignition  of  sxurounding  gas  is  to  be  prevented. 
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Although  it  is  not  likely  that  the  main  connection  plugs  would  be 
removed  while  current  is  passing  through  them,  there  is  no  absolute 
assurance  to  the  contrary  unless  they  are  interlocked  in  a  suitable 
manner  with  the  starting  switch. 

TESTS  OF  TYPE  B  PROTECTIVE  DEVICES. 

The  type  B  devices  were  not  tested  in  the  gallery  because  the 
information  gathered  from  the  test  of  the  type  A  devices  pointed  to 
the  almost  certain  failure  of  the  type  B  protection.  This  consider- 
ation alone  would  have  been  insufficient  to  exclude  the  type  B 
devices  from  test  had  the  inadequacy  of  mechanical  design  of  the 
devices  not  been  manifest.  Under  the  conditions  that  would  sur- 
round such  devices  in  practice,  so  large  an  area  of  unprotected  gauze 
would  be  in  danger  of  injury  that  would  render  the  gauze  of  no  avail 
OS  a  safety  device.  The  bureau's  opinion  was  communicated  to  the 
manufacturers,  who  promptly  withdrew  their  devices. 

Card  Ko.  C-2.  Card  Mo.  C-e. 

9*9%  sat.  Max.  preas.  M.O  lbs.  B.9i  gat.  Uax.  preat.  27.5  Ibi. 

Front  ignition.  i*onctaro.  Front  Ignition.  Puncture. 


FiQTTRB  8.— Pressure  diagrams  for  type  C  protective  device. 
TESTS  OF  TYPE  C  PROTECTIVE  DEVICES. 

The  design  of  the  type  C  devices  was  such  that  their  failure  was 
almost  a  certainty^  but  as  the  mechanical  design  was  rugged  the 
devices  were  submitted  to  a  few  tests  in  order  to  prove  beyond  a 
doubt  that  the  devices  were  not  suited  to  the  purpose  for  which 
they  were  intended. 

Only  two  tests  were  made  upon  these  devices.  The  results  of 
these  tests  were  so  conclusive  that  further  investigation  was  con- 
sidered unnecessary. 

In  the  following  tabulation  are  enumerated  the  conditions  sur- 
rounding each  test,  the  maximum  pressure  developed  within  the 
casing,  the  number  of  tests  made,  and  the  number  of  "  punctures '* 
which  took  place.  For  each  test  a  characteristic  pressure  card  is 
shown  in  figure  8. 

DETAILS. 

The  details  of  the  type  C  protective  devices  are  shown  in  Plate  V, 
A  and  B,  and  figure  9. 

Each  of  these  devices  consisted  of  five  brass  baffle  plates  so  disposed 
as  to  make  a  passage  approximately  28  inches  long  with  a  cross- 
section  of  4  inches  by  J  inch.  This  passage  interposed  three  return 
bends  and  two  right-angle  bends  in  the  path  of  the  flame. 
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The  motor  to  which  the  type  C  protective  devices  were  attached 
was  a  250-volt,  compound-wound,  totally  inclosed,  direct-current 
motor  arranged  for  gear  connection  to  a  coal-cutting  machine.  It 
was  guaranteed  to  deliver  20  horsepower  for  30  minutes,  with  a 
maximum  temperature  rise  of  75°  C. 

Connection  to  the  service  line  was  made  by  leads  provided  with 
brass  lugs  for  fastening  to  studs  set  in  a  wooden  block  on  the  outside 
of  the  motor  casing.  Studs  and  block  were  protected  by  a  cast-iron 
cover  bolted  to  the  casing.  Upon  the  motor  frame  was  also  mounted 
an  iron  box  containing  the  starting  switch,  contacts,  resistances,  and 
a  single-pole  fuse.  The  box  did  not  conununicate  with  the  interior 
of  the  motor  casing.  All  conductors  entering  the  box  or  the  motor 
casing  were  bushed  with  fiber.  The  starting  box  was  not  provided 
with  explosion-proof  devices. 


The  unoccupied  space  within  the  motor  casing  had  a  total  volume 
of  0.68  cubic  foot.  The  combined  minimum  area  of  the  dischai^ 
passages  in  the  protective  devices  was  2  square  inches. 

TEST   CONniTIONS. 

These  tests  were  made  with  a  mixture  containing  8.6  per  cent  gas;  the 
motor  was  at  rest.  The  mixture  inside  the  motor  casing  was  ignited 
from  a  spark  plug  screwed  into  the  casing  at  a  point  directly  above 
the  commutator  and  near  the  protective  devices. 

Table  2. — RetulU  of  UtU  of  type  C  protective  deviea. 
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DISCUSSION   OF  TEST  RESULTS. 

As  a  result  of  the  tests  the  foUowing  conclusions  are  presented: 
The  type  C  protective  device  is  not  a  safe  design  because  the  open- 
ings in  the  baffle  plates  are  so  large  that  their  cooling  effect  is  negligible 
and  flames  can  easily  pass  through  them.  If  gas  is  in  the  motor  casing, 
the  spaces  between  the  baffle  plates  will  also  be  filled  with  the  mixture, 
as  most  of  the  gas  will  enter  through  these  openings.  Under  such 
circumstances  flame  from  within  the  motor  casing  will  readily  pass 
throughout  the  entire  length  of  the  passage  between  the  baffle  plates, 
being  fed  as  it  advances  by  the  gas  between  the  plates.  Multiplica- 
tion of  the  baffle  plates  would  not  improve  the  safety  of  the  device. 

TESTS  OF  THE  TYPE  D  PBOTECTZVE  DEVICES. 

Two  hundred  and  thirty-six  tests  were  made  upon  the  type  D 
devices  under  25  different  conditions.  Ten  or  more  tests  were  made 
for  every  condition  in  which  the  results  of  fewer  tests  were  not  con- 
clusive. A  smaller  number  of  tests  was  made  with  the  motor  running, 
because  the  results  were  conclusive  and  because  these  tests  were  so 
severe  that  it  was  feared  that  the  windings  would  break  down  before 
all  tl)e  desired  tests  could  be  made. 

Although  the  tests  were  made  with  great  care,  it  was  found  impos- 
sible to  check  all  pressures  exactly,  especially  in  ''undergas'*  and 
"overgas"  tests.  Consequently,  enough  tests  were  made  to  obtain  a 
sufficient  number  that  checked  consistently,  and  these  are  the  only 
ones  that  are  included  in  this  report,  as  the  other  tests,  being  taken 
under  unsatisfactory  conditions,  could  add  no  information. 

In  the  tabulation  following  are  enumerated  the  conditions  sui^ 
rounding  each  test,  the  maximum  pressure  developed  within  the  motor 
casing,  the  number  of  tests  made,  and  the  number  of  ''punctures" 
that  took  place.  For  each  set  of  conditions  a  characteristic  pressure 
card  is  shown  in  figures  10  and  IT. 

DETAILS. 

The  details  of  the  type  D  protective  devices  are  clearly  shown  in 
Plates  VI,  A,  and  V,  0,  and  the  devices  are  described  upon  page  1 7. 
Plate  III,  D,  shows  how  these  devices  are  attached  to  the  motor  frame. 

MOTOR. 

The  motor  to  which  the  type  D  protective  device  was  attached 
was  a  250-volt,  4-pole,  shunt-wound,  totally  inclosed,  direct-current 
motor,  arranged  for  belt  or  flirect  connection  to  its  load.  The  motor 
was  guaranteed  to  deliver  10  horsepower  continuously,  with  40®  C. 
rise  in  temperature,  and  was  designed  for  general  power  purposes. 
No  starting  device  was  submitted  for  test  with  this  machine.    The 
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Motor  at  rest. 

Commatotor  Ignition. 
No  Aamei. 


Card  Ho.  D-Ut. 
Max.  pr««B.  0.7B  lb* 
No  ponctora. 


Motor  at  rsst. 
HJS%  gas. 

CoBinatntor  ignitloo. 
Ve  ftninoa. 


Card  Ho.  D-IS. 
Max.  pr«ii.  2.0  Iba. 
No  pa  acta  re. 


Motor  at  roat. 
10.0%  fai. 

Commntator  ifDitieo. 
No  flamei. 


Card  No.  D-37. 
Max.  presi.  7.6  Ibi. 
No  panctare. 


I 


Motor  at  reit. 
».S<  CM. 

Commatotor  igoitioo. 
No  floiBca. 


Card  No.  D-113. 
Max.  proaa  8.4  Iba. 
No  pa  acta  r«. 


Motor  at  mt. 

O.OS  !•■• 

Commotator  ifnition. 
No  flamcp. 


Card  No.  D-W. 
Max.  proii.  13.3  Ibi. 
No  panctare. 


Motor  at  r«it. 

Commntator  ignition. 
No  Bnmoa. 


Card  No.  D-4S. 
Max.  preaa.     14.1  Ibi. 
No  ponctara.f 


Motor  at  root. 
%A%  gM,ma4  dnat. 
Commntator  ignltlOB. 
No  Bnmes. 


Card  No.  D.146. 
Max.  preaa.  13-2  lbs. 
No  panctnra. 


Motor  at  reit. 
B.li%  gas. 
Field  ignition. 
No  Aamei. 


Card  No.  D-87. 
.Max.  preia.  20.0  Ibi 
No  panctore. 


Motor  at  rcit. 
8.0f  gaa^and  daat. 
Field  ignition. 
No  flaroea. 


Card  No.  D-229. 
Max.  preia.  18.6  Ibt 
No  panctare. 


Motor  at  reit. 

•^gM- 

Commntator  ignition. 
No  flamei. 


Card  No.  D-40. 
Max.  preia.  12.0  Ibi. 
No  panctare. 


Motor  at  reit. 
7.6jf  gai. 

Coniaiatator  ignition. 
]So  flamei. 


Card  No.  D-S8. 
Max.  preii.  7.6  Iba. 
No  p'iDctare. 


A 


Motor  at  reat. 
7.^gaa. 

Commntator  Ignitioa. 
Mo  llamaa. 


Card  No.  D*74. 
Max.  preaa.  3.1  Iba. 
No  ponctnro. 


Motor  at  rait. 
t.5%  gaa. 

Commatator  ignition. 
No  llamea. 


Card  No.  D-19. 
Max.  preii.  2.3  Iba. 
No  panctare. 


FiouBE  10.— Priasure  diagrams  for  type  D  protective  device. 
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unoccupied  space  within  the  motor  casing  had  a  total  volume  of  5.1 
cubic  feet.  The  combined  minimum  area  of  the  relief  openings  was 
48  square  inches. 

Connection  with  the  service  line  was  made  to  studs  inclosed  in  an 
iron  terminal  box  which  was  rigidly  attached  to  the  motor  frame. 

The  leads  from  the  service  line  were  brought  into  the  bottom  of  the 
terminal  box  through  unbushed  holes  and  soldered  to  brass  luga 


Motor  immiBff  with  fan. 
8.0%  gftt. 
Bmao  Ignition. 

Cord  Ifo.  D-187. 

Moz.  preii.  32.0  •  31.8  • 
28.2  -  2S.0  -  22.5  • 
21.8  -  17.8  •  13.0  • 
10.0  Ibo. 

Puncture. 


Motor  mnnlnf  with  fan. 

Bheirifnition. 
Xztcrnal  Qamoo. 


Card  MO.D-1M. 
Max.  prcia.  34.0  • 

31.8  •  30.0  •  Iba. 
Nopnnctare. 


Motor  running  without  fen. 
B.9%  gaa. 
Shell  Ignltioa 
So  flames. 


Card  Ko.  D-190. 
Max.  prei i.  12.2  Iba. 
Ko  puncture. 


Motor  running  with  laa. 
7.0X  gas. 
Brosn  ignition. 
Xxtemal  flames. 

Card  Iiro.D-16l. 
Max.  press.  20.0  •  20.0- 
18.7  •  18.4  •  18.35  • 
10.06  lbs. 
No  puncture. 


Motor  running  with  fan. 
7.0%  gas. 
Shell  Ignition. 
Bxternal  flames. 


Csrd  Vo.  D-I96. 
Max.  press.  10.5  • 

14.4  - 10.0  •  lbs. 
tfo  puncture. 


A. 


Motor  running  without  fan.  MM!*p£!k.°8.?*il>s. 
BhJlffg'iuioa.  Ho  puncture. 

Ko  flames. 


A 


A. 


Motor  at  rest  without  fan. 
a.OC  gas. 
Shell  ignition. 
Ko  flames. 


Card  Bo.  D-209. 
Max.  press.  3.0  lbs. 
Ko  puncture. 


Motor  at  rest  without  fan. 
7.5jf  xas. 
Bheirignltion. 
Ko  flames. 


Card  Ko.  D-206. 
Max.  press.  2.1  lbs. 
Ko  puncture. 


Figure  U.— Pressure  diagrams  for  type  D  protective  device. 

drilled  to  fit  the  studs,  to  which  they  were  fastened  by  a  single  nut. 
The  studs  passed  through  fiber  bushings  in  the  motor  frame.  The 
inner  ends  of  the  studs  were  protected  by  recessed  porcelain  blocks. 
The  terminal  box  was  not  designed  to  be  gas-tight.  There  was  no 
communicating  passage  between  the  terminal  box  and  the  interior 
of  the  motor  casing. 

The  armature  shaft  carried  a  fan  (PI.  VI,  A)  so  disposed  with 
reference  to  the  relief  openings  as  to  cause  a  considerable  circidation 
of  air  through  the  motor  casing  when  the  armature  was  revolving 
at  its  rated  speed.    The  fan  consisted  of  16  flat  blades,  2}  by  1^ 
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inches,  mounted  radially  and  in  planes  passing  through  the  axis  of 
rotation.  The  diameter  inside  the  blades  was  11^  inches.  The  out- 
side diameter  was  16^  inches. 

On  either  side  of  the  commutator  a  window  of  plate  glass  was  fas- 
tened to  the  motor  casing  (PI.  VI,  A),  These  windows  were  seem- 
ingly provided  to  permit  the  observation  of  brush  sparking  without 
opening  the  motor  casing.  One  of  the  windows  was  cracked  when 
the  motor  was  received,  but  withstood  the  tests  without  further 
damage. 

IGNITION  POINTS. 

In  the  tabulated  report  '* commutator  ignition"  refers  to  ignition 
from  a  spark  plug  fastened  near  the  commutator.  '^ Shell  ignition" 
refers  to  ignition  from  a  spark  plug  screwed  through  the  motor-casing 
at  a  point  directly  over  the  commutator.  '* Field  ignition"  refers 
to  ignition  at  a  point  between  the  upper  field  coils  near  the  commu- 
tator end  of  the  armature  core.  "Brush  ignition"  refers  to  ignition 
by  sparks  from  the  brushes  while  the  motor  was  running. 

FLAMES. 

Flames  were  discharged  through  the  protective  devices  in  all  tests 
in  which  the  motor  was  running  with  the  fan  in  place,  but  no  outside 
flames  were  observed  in  any  other  tests. 

' '  AFTEE-BUBNING. ' ' 

The  term  "after-bummg,"  as  used  in  this  report,  is  applied  to  the 
appearance  of  flame  at  the  inside  edges  of  the  protective  plates  from 
the  burning  of  a  gaseous  mixture  not  within  the  casing  at  the  time 
of  the  explosion.  In  ''after-burning,"  gas  was  either  drawn  into  the 
motor  by  the  fan  when  the  motor  was  running  or  forced  in  by  atmos- 
pheric pressure  as  the  dead  gases  within  the  motor  casing  cooled. 

Fresh  gas  entered  the  casing  after  each  explosion,  whether  the 
motor  was  running  or  not,  but  its  subsequent  ignition  appeared  to 
depend  upon  a  delicate  balance  of  several  variables.  Its  bearing 
upon  the  safety  of  the  motor  submitted  is  not  considered  important, 
as  it  never  occurred  when  the  motor  was  running  with  the  fan  in  place, 
and  lasted  only  a  few  seconds  when  the  motor  was  at  rest. 
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Tabli  3. — Residts  ofte$U  of  type  D  protective  devices. 
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sure. 
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Figure 
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1 

At  rest, 
with  ten. 

8.6 

Commutator.. 

14.1 

No 

D-42 

10 

11 

0 

0 

2 
3 

...do 

...do 

8.6 
as.  6 

Field 

20.0 
13.2 

No.... 
No.... 

D-87 
D-145 

10 
10 

13 
10 

0 
0 

0 
0 

Commutator.. 

4 

...do 

a8.6 

Field 

18.6 

No.... 

D-229 

10 

11 

0 

0 

5 

...do 

0.0 

Commutator.. 

13.3 

No.... 

D-46 

10 

10 

0 

0 

6 

...do 

0.5 

do 

8.4 

No.... 

D-113 

10 

10 

0 

0 

7 

...do 

10.0 

do 

7.5 

No 

D-27 

10 

11 

0 

0 

8 

...do 

10.5 

do 

2.5 

No.... 

D-132 

10 

10 

0 

0 

0 

...do 

11.0 

do 

0.8 

No.... 

D-141 

10 

10 

0 

0 

10 

...do 

8.0 

do 

12.6 

No.... 

D-40 

0 

10 

0 

0 

11 

...do 

7.5 

do 

7.7 

No.... 

D-58 

10 

10 

0 

0 

12 

...do 

7.0 

do 

3.1 

No.... 

D-74 

10 

10 

0 

0 

13 

...do 

6.5 

do 

2.3 

No.... 

D-78 

10 

11 

0 

0 

14 

At  rest, 
without 

8.6 

Shell 

3.0 

No6... 

D-203 

11 

2 

0 

0 

fen. 

15 

m  •  •U'Os  •••••■ 

7.5 

do 

2.1 

No6... 

D-205 

11 

2 

0 

0 

16 

Running, 
with  fan. 

8.6 

Brush 

32.1 

Yee... 

D-187 

11 

9 

2 

«1,250 

# ^^ 

17 

k    ■  •  U  V  ■  •  ■  •   ■    ■    • 

7.0 

do. 

20.0 

Yes... 

D-161 
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1 
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«1,2S0 
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19 

...do. 

...do 
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D-194 
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11 
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do 
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D-194 

11 
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7.0 

do 

16.5 

Yes... 

D>195 

11 
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1,250 

22 

...do 

6.5 

do 

11.2 

Yes... 

D-105 

11 

1 
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1,250 

23 

Running, 
without 

8.6 

.....do 

12.4 

Nod... 

D-199 

11 

2 

0 

1,250 

m 

fan. 

24 

•  ■  •VlV*  ••  •  •  «  • 

8.6 

a  ■   *   •  •  Uv«  •«••■■■• 

12.2 

Norf... 

D-199 

11 

1 

0 

1,500 

25 

...do 

7.5 

do 

8.5 

No.... 

D-200 

11 

1 

0 

i;mo 

1 

a  In  thb  group  of  tests  finely  ground  coal  dust  was  sifted  between  the  plates  of  the  protective  devioas 
before  each  test. 

b  After-burning  started  at  once  and  lasted  for  about  15  seconds. 

«  Normal  speed. 

'After-buining  started  at  once  and  continued  as  long  as  the  motor  was  running.  Current  was  cut  off 
the  motor  as  soon  as  the  explosion  took  place,  but  the  motor  did  not  stop  for  nearly  a  minute. 

DISCUSSION  OP   TEST  RESULTS. 


OENEBAL  REVIEW. 


One  hundred  and  forty-one  satisfactory  tests  were  made  with  the 
motor  at  rest,  and  in  none  of  these  tests  did  *' puncture"  take  place. 

Thirteen  tests  were  made  with  the  motor  running  at  normal  speed 
with  the  fan  in  place.  ''Puncture"  occurred  in  two  of  these  tests, 
and  probably  would  have  taken  place  in  at  least  three  others  if  the 
tests  had  been  continued  to  the  limit. 

Four  tests  were  made  with  the  motor  running  without  fan. 
"Puncture"  did  not  occur  in  any  of  these  tests,  but  "after-burning" 
began  immediately  after  the  explosion,  and  would  have  continued 
indefinitely  if  the  motor  had  not  been  stopped.  The  continuance  of 
"after-burning"  would  have  soon  burned  th,©  insulation  from  the 
armature  coils;  but  that  the  plates  would  have  become  sufficiently 
heated  to  allow  the  flame  to  pass  out  against  the  entering  gas  current 
is  not  certain. 
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In  four  tests,  made  with  the  motor  at  rest  and  the  fan  removed  from 
the  casing,  there  was  no  pxmcture  nor  were  there  external  flames. 
The  maximum  pressure  developed  within  the  motor  casing  was  only 
3  pounds.  "After-burning"  followed  the  explosion,  but  lasted  only 
a  few  seconds  as  the  motor  was  not  running. 

Two  tests  were  made  with  the  fan  in  place  and  the  motor  running 
at  greater  than  normal  speed.  "Punctiu-e"  did  not  occur  in  either 
of  these  tests,  in  each  of  which  there  were  only  three  explosions  within 
the  motor  casing. 

PERFORMANCE   OF  THE  DEVICES. 

*nie  protective  devices  appeared  to  be  adequate  for  all  conditions 
prevailing  when  the  motor  was  at  rest  or  when  the  motor  was  running 
without  the  fan,  as  imder  neither  of  these  conditions  were  flames  dis- 
charged through  the  protective  devices. 

When  the  motor  was  operating  with  the  fan  in  position,  reddish- 
yellow  flames  4  to  6  inches  in  length  were  discharged  through  the 
protective  devices  at  the  commutator  end. 

The  duration  of  these  flames  was  short,  and  this  probably  accounted 
for  their  failure  invariably  to  ignite  the  surrounding  gaseous  mixture, 
unless,  perhaps,  the  first  gases  discharged  from  the  casing  were 
cooled  by  the  plates  below  the  ignition  temperature  of  methane  and 
drove  away  the  explosive  mixture  immediately  surrounding  the 
relief  openings,  so  that  the  flames  which  issued  later  were  discharged 
into  dead  gas. 

Despite  the  fact  that  there  was  no  ''puncture"  until  after  at  least 
five  successive  explosions  inside  the  casing,  "puncture"  would  almost 
surely  occur  in  time  if  a  sufficient  supply  of  gaseous  mixture  were 
available. 

If  the  motor  were  to  be  designed  to  operate  without  a  fan,  "after- 
burning" sufficient  to  destroy  the  insulation  would  take  place  if  the 
rotation  of  the  armature  should  produce  a  circulation  of  gas  through 
the  casing. 

The  value  of  this  form  of  protection  may  be  entirely  destroyed  by 
separating  the  plates  by  a  small  fraction  of  an  inch.  In  the  device 
tested  the  edges  of  the  plates  were  not  sufficiently  protected  from 
possible  injuries  of  this  character. 

EFFECT  OF  THE  PAN. 

When  the  fan  was  in  operation,  it  increased  the  effective  resistance 
of  the  pulley  end  relief  openings  to  the  discharge  of  the  products  of 
explosion.  This  gave  rise  to  higher  pressures  within  the  casing,  and 
also  caused  more  heat  to  be  discharged  from  the  commutator  end 
openings.  The  fan  also  refilled  the  casing  with  the  gaseous  mixture 
after  an  explosion,  and  when  the  motor  was  sparking  continuously,  a 
41196*— BuU.  46—12 3 
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succession  of  explosions  resulted.  These  followed  one  another  with 
more  or  less  rapidity,  depending  upon  the  character  of  brush  spark- 
ing. Under  the  conditions  outlined  above  it  would  be  merely  a  matter 
of  time  before  the  protecting  plates  would  become  so  hot  that  they 
would  no  longer  be  effective. 

Even  with  the  fan  removed,  a  certain  amount  of  fan  action  was 
produced  by  the  end  conductors  of  the  armature  coils.  This,  how- 
ever, did  not  result  in  a  succession  of  explosions  because  ''after- 
burning" set  in  at  once;  as  fast  as  the  gas  wa^  drawn  in  it  was  burned 
at  the  inner  edges  of  the  plates.  This,  as  previously  suggested, 
would  result  disastrously  for  the  windings,  but  would  not  necessarily 
cause  a  ''puncture." 

The  effect  of  the  fan  upon  the  pressure  developed  in  the  casing  by 
explosion  is  shown  very  clearly  by  the  tests  listed  under  groups  18, 
19,  and  20,  in  which  the  pressure  developed  by  the  initial  explosion 
varied  from  24  pounds  per  square  inch  at  1,260  revolutions  per  minute 
(normal  speed)  to  34.6  pounds  per  square  inch  at  1,790  revolutions 
per  minute. 

TESTS  OF  TYPE   E   PBOTECTIVE  DEVICES. 

Two  hundred  and  sixty-eight  tests  were  made  on  the  type  E  devices 
under  twenty-six  different  conditions.  Ten  or  more  tests  were  made 
under  those  conditions  that  were  considered  to  be  most  severe,  and 
one  or  more  under  all  others.  Fewer  tests  were  made  with  back 
ignition  in  the  "overgas"  and  "undergas"  conditions  because  back 
ignition  offsets  the  effect  of  more  or  less  gas — ^that  is,  slow  flame 
propagation. 

Although  the  tests  were  made  with  great  care,  the  results  of  tests 
made  under  the  same  conditions  did  not  always  check  each  other 
satisfactorily,  and  in  such  cases  the  tests  were  repeated  until  at 
least  ten  tests  were  obtained  that  checked  each  other  within  a 
reasonable^pcrcentage  of  variation.  Only  the  latter  tests  are  reported 
herein. 

;  In  some  of  the  running  tests  more  than  one  explosion  took  place 
within  the  motor.  The  total  number  of  explosions  within  the  motor 
casing  was  272. 

'  In  Table  4  on  page  36  are  enumerated  the  conditions  that  sur- 
roimded  each  test,  the  maximum  pressure  developed  within  the 
motor  casing,  the  number  of  tests  made,  and  the  number  of  "punc- 
tures*' that  took  place.  For  each  set  of  conditions  a  characteristic 
pressure  card  is  shown  in  figures  13  and  14. 

DETAILS. 

The  details  of  the  type  E  protective  devices  are  clearly  shown  in 
Plate  VI,  B  and  C,  and  figure  12.  The  devices  are  described  on 
page  17.  Plate  TV,  J?,  shows  how  these  devices  are  attached  to  the 
motor  frame.     The  safety  device  on  the  starting  box  was  practically 
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the  same  aa  thoee  on  the  motor,  differing  only  in  detuls.  The  gauze 
sheets  were  smaller  and  the  spacers  were  not  so  thick.  The  passages 
between  the  baffle  plates  were  also  smaller. 


The  motor  to  which  the  type  E  protective  devices  were  attached 
was  a  250-voit,  4-pole,  compound-wound,  totally  inclosed,  direct- 
current  motor  designed  to  operate  a  coal-cutting  machine  by  gear 
connection.  The  motor  was  rated  at  20  horsepower  for  one  hour, 
with  a  maximum  temperature  rise  of  75°  C. 


The  motor  leads  were  brought  through  a  bushed  hole  in  the  casing 
to  brass  studs  set  in  a  hardwood  block  screwed  to  the  outside  of  the 
caang.  These  studs  were  provided  with  lugs  and  thumbscrews  and 
were  protected  by  a  cast-iron  cover. 

The  motor  was  equipped  with  a  starting  box  mounted  on  one  side 
of  the  motor  casing.  It  was  a  dial-tj"pe  rheostat,  with  the  resistance 
inclosed  in  a  gas-tight  nonremovable  case,  with  contacts  mounted 
on  a  slate  slab.  Terminals  were  also  provided  for  a  single  fuse.  The 
whole  was  screwed  to  a  cast-steel  base,  and  this  in  turn  was  screwed 
to  the  motor  casing.  The  leads  came  through  a  bushed  hole  in  the 
motor  casing  and  through  an  unbushed  hole"  in  the  base  of  the 
■  XUibola  waa  pluaedby  tbe  bureau's  englneerB  beloie  making  tbe  t«u. 
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starting  box.  The  box  had  a  cast-steel  cover,  on  which  was  mounted 
the  control  lever.  The  protective  device  was  fastened  to  this  cover. 
There  was  no  communicating  passage  between  the  casing  of  the 
starting  box  and  the  casing  of  the  motor.  The  unoccupied  space 
within  the  motor  casing  was  approximately  0.83  cubic  foot,  and  the 
unoccupied  space  in  the  starting  box  was  approximately  0.186  cubic 
foot.  The  combined  minimum  area  of  relief  openings  was  2.8  square 
inches. 

IGNITION   POINT. 

In  the  tabulated  report  ''front  ignition"  refers  to  ignition  from  a 
spark  plug  fastened  at  the  commutator  end  of  the  motor — ^that  is, 
theWd  nearest  the  rehef  openings.  "Back  ignition"  refers  to  igni- 
tion from  a  spark  plug  fastened  at  the  pulley  end  of  the  motor — ^that 
is,  the  end  farthest  away  from  the  relief  openings.  "Brush  ignition" 
refers  to  ignition  by  sparks  from  the  brushes  while  the  motor  was 
running.  "Side  ignition"  refers  to  ignition  within  the  starting  box 
from  a  spark  plug  placed  at  the  side  of  the  box. 

FLAMES. 

In  no  tests  were  any  flames  observed  to  issue  from  the  protective 
devices. 

Table  4. — Results  of  teats  of  type  E  protective  devices. 


Group 
No. 

Motor 
condition. 

Gas 
percent- 

Ignition 
point. 

Mud- 
mum 

Outside 
flames. 

Typical  pressure 
diagram. 

Num- 
ber of 

Num- 
ber of 

a  €9A 

■  i  pi J1.M111 1  1  ..it 

tests 

"puno- 

ogB. 

Card  No. 

FIcure 
No. 

made. 

turos." 

Pounds 

per  square 

inch. 

1 

At  rest. . . . 

8.6 

Front... 

18.0 

No.... 

E-106 

13 

10 

0 

2 

do 

8.6 

Back.... 

27.4 

No.... 

E-lll 

14 

10 

0 

8 

do 

a  8.6 

Front... 

18.5 

No.... 

E-220 

IS 

10 

1 

4 

■  •  •  •  •  UU*  *  •  •  • 

8.6 

Back.... 

29.7 

No.... 

E-232 

14 

10 

1 

5 

do 

0.0 

Front... 

13.5 

No.... 

£-125 

13 

10 

0 

6 

do..... 

9.5 

...do 

10.5 

No.... 

E-154 

13 

10 

0 

7 

do..... 

10.0 

...do 

9.0 

No.... 

E-170 

13 

10 

0 

8 

do 

10.5 

m  •  •110»»«  •  • 

7.2 

No.... 

E-203 

13 

10 

0 

9 

do 

11.0 

...do 

4.3 

No.... 

E-211 

13 

10 

0 

10 

do 

0.0 

Back.... 

23.0 

No.... 

E-128 

14 

0 

11 

do..... 

0.5 

...do 

18.5 

No.... 

E-161 

14 

0 

12 

do 

10.0 

...do..... 

16.0 

No.... 

E-162 

14 

0 

13 

do 

10.5 

«  •  sUV****  • 

11.0 

No.... 

E-196 

14 

0 

14 

do 

11.0 

...do..... 

9.2 

No.... 

E-197 

14 

0 

15 

do 

8.0 

Front... 

14.8 

No.... 

E-129 

13 

'10 

0 

16 

•  •  •  •  tfU v»aaa  ■ 

7.5 

.  ..do 

9.0 

No.... 

E-147 

13 

10 

0 

17 

do 

7.0 

...do 

8.1 

No.... 

E-183 

13 

10 

0 

18 

do..... 

6.5 

...do 

6.5 

No.... 

E-188 

13 

10 

0 

19 

do 

8.0 

Back.... 

22.0 

No.... 

E-139 

14 

0 

20 

do 

7.5 

...do 

20.6 

No.... 

E-140 

14 

0 

21 

do 

7.0 

...do 

12.1 

No.... 

E-184 

14 

0 

22 

do 

6.5 

...do 

9.7 

No.... 

E-185 

14 

0 

23 

do  6... 

8.6 

...do 

32.7 

No.... 

E-251 

14 

1 

24 

Running. . 

8.6 

Front... 

28.8 

No.... 

E-234 

13 

0 

25 

do 

8.0 

Brush... 

20.4 

No.... 

E-239 

13 

0 

26 

do 

8.6 

Back.... 

47,2 

No.... 

E-25ft 

14 

10 

0 

27 

(0 

8.6 

Side 

7.4 

No.... 

E-9fr-A 

14 

213 

0 

a  In  this  group  of  tests  finely  ground  ooal  dust  was  sifted  Into  the  protective  devices  before  each  test. 
6  In  tills  group  of  tests  one  of  the  protective  devices  was  purposely  cut  out  of  service,  so  that  all  of  the 
products  of  comoustion  were  discharged  through  one  device, 
e  These  tests  were  made  upon  the  protective  device  that  was  attached  to  the  starting  box. 
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DISCUSSION  OF   TEST  RESULTS. 
GENERAL  REVIEW. 

Two  hundred  and  forty-eight  tests  were  made  with  the  motor  at 
rest,  with  a  total  of  248  explosions  within  the  motor  casings  and  a 
"pimcture"  occurred  only  four  times.  One  of  these  was  due  to  a  hole 
left  in  the  casing  by  the  manufacturers.  The  other  three  started 
from  the  rehef  v^ve,  one  at  8.6  per  cent  gas,  with  dust,  front  ignition; 
another  at  8.6  per  cent  gas,  without  dust,  back  ignition;  and  the  last  at 
8.6  per  cent  gas,  without  dust,  back  ignition,  and  one  protective  device 
cut  out  of  service. 

Twenty  tests  were  made  with  the  motor  running,  with  a  total  of 
24  ^  explosions  within  the  motor  casing.  In  none  of  these  tests  was 
there  a  "puncture." 

In  213  of  the  268  tests  the  starting  box  was  tested  by  filling  it  with 
the  gaseous  mixture  and  igniting  the  mixture  by  means  of  a  spark 
plug.     In  none  of  these  tests  was  there  a  "puncture." 

In  no  test  were  flames  seen  to  issue  from  either  of  the  rehef  valves 
on  the  motor  itself  or  on  the  starting  box. 

PRESSURE  IN  THE   MOTOR  CASINO. 

The  pressure  developed  within  the  motor  casing  varied  with  the 
character  of  the  gaseous  mixture  and  the  point  at  which  the  ignition 
occurred.  The  operation  of  the  motor  at  the  time  of  the  ignition 
also  affected  the  pressure,  raising  the  maximum  observed  pressure  by 
60  per  cent  or  more.  (Compare  group  No.  1  and  group  No.  24;  also 
group  No.  2  and  group  No.  26.) 

In  the  group  No.  25  tests,  in  which  the  mixture  was  ignited  from  a 
brush  spark,  ignition  took  place  during  the  first  revolution  of  the 
armature  and  therefore  the  full  effect  of  running  the  motor  was  not 
obtained,  as  is  attested  by  the  fact  that  the  pressures  closely  check 
those  obtained  with  the  motor  at  rest. 

The  pressure  curves  (figs.  13  and  14)  show  very  plainly  that  the 
conditions  that  gave  maximum  pressure  coincided  with  the  conditions 
giving  the  maximum  rate  of  flame  propagation. 

The  conditions  under  which  the  highest  pressure  was  developed 
were  8.6  per  cent  gas,  back  ignition,  and  the  motor  running  (group 
No.  26).  Under  these  conditions  the  maximum  heat  was  developed 
and  discharged  from  the  relief  openings  in  the  minimum  time.  Under 
these  conditions  the  flames  within  the  motor  seem  to  be  most  Ukely  to 
reach  the  gaseous  mixture  surrounding  it.  The  maximum  pressure 
measured  in  this  group  of  tests  was  47.2  pounds,  which  was  also  the 
highest  pressure  measured  diuing  the  entire  investigation. 

a  In  nm»  tests  the  motor  casing  was  flUed  and  exploded  more  than  onoe. 
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PERFORMANCE  OF  THE   DEVICES. 


No  "punctures"  occurred  while  the  motor  was  being  tested  with 
gas  alone,  excepting  in  a  single  test  made  with  one  of  the  protective 


Motor  at  rest. 
B.9%  fM. 

Front  ignition. 


Card  Vo.  B-IOB. 
Max.  proM.  16.S  lb«. 
Koponctnra, 
Ho  flamei . 


Motor  at  reat. 
8.6%  gaa  and  doit. 
Front  Ignition. 


Card  No.  B-230. 
Max.  prof  t.  18.2  Ibi. 
Punctaro. 
Ko  flamof. 


Motor  at  reat. 
B.0%  gaa. 
Front  Ignition. 


Card  Ho.  E-m. 
Max.  preif.  13.0  Ibt. 
No  pancturo. 
No  flamoi. 


Motor  at  reat. 
9.0%  gai. 
Front  Ignition. 


Card  No.  E-12S. 
Mix.  prec*.  12.0  Iba. 
No  puncture. 
No  flames. 


Motor  at  rait. 
7.5)(  gaa. 
Front  ignition. 


Card  No.  B-147. 
Max.  proM.  8.8  lbs. 
No  puncture. 
No  flamei. 


Motor  at  reet. 
9.6)(  gaa. 
Front  Ignition. 


Card  No.  ■•164. 
Max.  preii.  8.8  Iba. 
No  puncture. 
No  flamea. 


Motor  at  reet. 
7.0)(  gaa. 
Front  ignition. 


Card  No.  B-ISS. 
Max.  preae.  7.3  Ibe. 
No  puncture. 
No  flamee. 


Motor  It  reit. 
10.0<  gai. 
Front  ignition. 


Card  No.  B-ITD. 
Max.  pref  e.  7.2  iba. 
No  puncture. 
No  flamea. 


Motor  at  reat. 
9,6%  gaa. 
Front  ignition. 


Card  No.  E-188. 
Max.  preii.  5.0  Ibi. 
No  puncture. 
No  flames. 


Motor  at  reat. 
10.5%  gae. 
Front  ignition. 


Card  No.  S-203. 
Max.  preas.  0.0  Iba, 
No  puncture. 
No  flamee. 


Motor  running. 
9.6%  gaa. 
Ploglgnition. 


Card  No.  E-23i. 
Max.  press.   A  20.6  Ibi. 
No  puncture.  [ 
No  flames. 


Motor  at  reat. 
11.0 )(  gaa. 
Front  ignition. 


Card  No.  B-211. 
Max.  press.  4.0  Iba. 
No  puncture. 
No  flames. 


Motor  running. 
8.0%  gas. 
Brush  ignition. 


Card  No.  B-23B. 
Pressures  18.1  -15.8 
No  puncture. 
No  flames. 


10.8. 


FiOTTBE  13. — ^Pressure  diagrams  for  type  E  protective  devlee. 

devices  cut  out  of  service.  There  was  one  "puncture"  out  of  10 
tests  made  under  group  No.  3  conditions.  In  that  test  no  flames 
were  observed  to  issue  from  the  protective  devices  when  the  gaseous 


RESULTS  OF   TESTS. 


39 


mixture  inside  the  casing  was  ignited.  The  coal  dust  that  had  been 
sifted  into  the  protective  devices  was  driven  out  in  a  cloud  and  the 
explosion  seemed  to  start  from  a  point  within  this  cloud.     This 


Motor  At  rest. 
Btck  ifBltioa. 


Card  Ho.  ■-111. 
Max.  preii.  W.2  Ibt. 
Ho  punctun^ 
So  flames. 


Motor  al  rett. 
9.9%  fat  *  doat. 
Back  if  nltiOD. 


Oard  9o. 

Maz.'preti. 
Ho  panctare. 
Ho  flamea. 


1.4  Iba. 


Motor  at  raat. 
Lttsaa. 

Back  ifBitloa. 


Card  Ho.S.13e. 
Max.  preai.  22.0  Iba. 
Ho  panctare. 
Ho  fl«mea« 


Motor  at  rest. 
9.0)(  fas. 
Back  ignition. 


Card  Ho.  B-128. 
Max.  press.  23.0  lbs. 
Ho  panctare. 
Ho  flames. 


Meter  at  reat. 
7.5^  laa. 

Back  Igaitioa. 


Card  Ho.  B-140. 
Max.  press.  20.0  Iba. 
Ho  puncture. 
Ho  flames. 


Motor  at  rest. 
•.6%  fas. 
Back  ignition. 


Card  Ho.  B-101. 
Max.  press.  18.0  ibs. 
Ho  panctare. 
Ho  flames. 


Motor  at  reet. 
7.t<  taa. 

Back  igaltioa. 


Card  Ho.  £184. 
Max.  press.  12.1  Iba. 
Ho  panc|are. 
Ho  flames.. 


Motor  at  rest. 
10.0)(  gas. 
Back  ignition. 


CardHo.  E-IC2. 
Max.  press^ie.O  lbs. 
Ho  panctare.^ 
Ho  flames. 


Motor  at  reat. 
U«iaa. 

Back  ignition. 


Card  Ho.  E-iaS. 
Max.  press.  0.7  ibi. 
Ho  puncture. 
Ho  flames. 


Motor  at  rest. 
10.&)(  gas. 
Bacli  ignition. 


Card  Ho.  B-IOO. 
Max.  press.  11.0  lbs. 
Ho  panctare. 
Ho  flames. 


a.«f  gna. 

Side  Ignktion. 
So  flames. 


Card  Ho.  E-OO-A. 
Max.  press.  7.0  lbs. 
Ho  puncture. 


Jl 


Motor  at  rest. 
11.0<  gas. 
Back  Ignition. 


Card  Ho.  E-197. 
Max.  press.  9.2  lbs. 
Ho  puncture. 
Ho  flames. 


Metor  at  root. 

Back  ignition. 

Oae  relief  opening  plugged 


Card  Ho.  £-251. 
Max.  press.  32.7  Ibs, 
Ho  flames. 
Puncture. 


Motor  running. 
B.(i%  gas. 
Back  Ignition. 


Card  Ho.  £-250. 
Max.  press.  45.5  lbs. 
Ho  pancture.|, 
Ho  flames. 


Figure  14.— Pressure  diagrams  for  type  E  protective  device. 

probably  indicates  that  the  dust  was  raised  to  its  ignition  tempera- 
ture before  it  left  the  casing  of  the  motor  and,  upon  reaching  the 
outer  air,  bmst  into  flame  and  ignited  the  gaseous  mixture  sur- 
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rounding  it.  The  pressure  developed  in  the  motor  casing  in  the 
test  in  which  there  was  a  ''puncture''  was  less  than  40  per  cent  of 
the  average  maximum  pressure  produced  in  10  other  tests  made  with 
gas  alone  in  which  no  "puncture"  took  place. 

One  *' puncture"  occurred  in  10  tests  made  under  group  No.  4 
conditions.  The  circumstances  surrounding  this  ''puncture"  were 
practically  the  same  as  those  surrounding  the  one  just  described. 
No  flames  were  observed  to  issue  from  the  motor.  The  dust  was 
blown  out  in  a  cloud  and  ignition  took  place  from  the  lower  edge  of 
the  cloud  when  the  latter  was  about  4  inches  out  from  the  relief 
opening  in  the  protective  device.  The  pressure  developed  within 
the  motor  casing  in  this  test  was  about  66  per  cent  of  the  maximum 
pressure  developed  in  10  other  tests  made  with  gas  alone  in  which 
no  "puncture"  happened. 

The  single  test  made  under  group  No.  23  conditions  caused  all  the 
gases  to  be  discharged  through  a  single  protective  device.  No 
flames  were  seen  to  issue  from  the  protective  device.  There  was  a 
small  puff  of  dust  blown  out  from  it,  and  after  an  appreciable  delay 
(possibly  a  second)  the  gaseous  mixture  ignited  from  a  point  just 
above  the  protective  device.  It  is  impossible  to  say  that  the  presence 
of  the  small  amount  of  dust  was  responsible  for  the  explosion,  but 
it  appeared  to  be.  The  pressure  obtained  in  this  test  was  not  ex- 
cessive, being  about  72  per  cent  of  the  average  maximum  pressure 
obtained  in  10  tests  of  another  group  in  which  "puncture"  did  not 
occur. 

The  results  obtained  indicate  that  the  type  E  devices  give  adequate 
protection  when  gas  alone  is  used  and  both  devices  are  in  working 
order.  When  dust  is  present,  however,  the  devices  do  not  afford 
the  protection  whicK  they  are  designed  to  give.  The  mechanical 
design  of  the  devices  seems  to  be  well  suited  to  the  conditions  under 
which  they  will  be  expected  to  operate. 

OENERAIi  DISCUSSION. 

BEVIEW. 

Of  the  five  protective  devices  submitted,  one  was  rejected  without 
test,  one  failed  completely  in  test,  and  each  of  the  others  failed  under 
one  or  more  conditions  of  test.  One  ol  the  three  devices  last  men- 
tioned discharged  flames  in  almost  every  test,  another  discharged 
flames  only  when  the  motor  was  running,  and  the  third  discharged 
no  flames  under  any  condition.  The  following  tabulation  compares 
the  more  important  features  of  the  devices  and  the  results  of  the 
tests  made  upon  them. 
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Tablb  5. — General  comparison  of  results  of  tests  of  five  types  of  protective  devices. 


Type. 

Character  of 
protect  iun^ 

S. 
Unoc- 
cupied 
space  in 
motor 
casing. 

R. 
Mini- 
mum 
area  of 
reUef 
open- 
ings. 

R 

S 

Maxi- 
mum 

pressure, 
motor 
at  rest 
8.6  per 

cent  gas, 
front 

Imition, 
20   C. , 

approxi- 
mate. 

Maxlr 
mum 

pressure 
under 

any  con- 
dition. 

Dis- 
charge 

of 
flames. 

Protec- 
tion 
from 
meclian- 

ical  in- 
jury. 

Conditions  under 

which  "puncture" 

took  place. 

A 

Gaoze  pro- 
tected by 
a  poppet 
▼aive. 

CuMe 
feet. 
1.2 

Square 

iruhes. 

5.22 

4.35 

20.0 

Pounds 
per  square 
inch. 
47.0 

Yes.... 

Unaatia- 
factory. 

(a)  Valves  open, 
8.6  per  cent  gas, 
front  ignition,  mo- 
tor at  rest. 

(b)  One  valve 
plugged,  10  per 
cent  gas,  frontigni- 
tion,  motor  at  rest. 

B 

Unprotected 
gat]2e.a 

C 

Baflle  plates 

0.68 

2.0 

2.d5 

26.0 

27.5 

Yea.... 

Good 

8.6  per  cent  gas, 
front  Ignition,  mo- 
tor at  rest. 

I> 

Plates 

5.1 

48.0 

9.4 

Ml.  50 

34.6 

Some- 
times. 

Unsatis- 
factory. 

8.6  per  cent  gas, 
bnLsh  ignition, 
motor  running. 

E 

1 

1 

Subdivided 
gauze  and 
baffle 
plates. 

0.83 

2.8 

3.38 

16.5 

47.2 

No 

Good.... 

(a)  8.6  per  cent 
gas  and  dust,  front 
Ignition,  motor  at 
rest. 

(b)  8.6  per  cent 
gas  and  du.st,  bock 
Ignition,  motor  at 
rest. 

«Kottested« 

b  The  armature  fan,  even  at  rest,  increased  the  effective  resistance  of  these  protective  devices  to  the  passage 
of  gas.  With  the  fan  removed,  but  other  conditions  the  same,  the  maximum  pressure  was  only  3  pounds 
per  8<{tiaiB  inch. 

A  weak  point  was  found  in  each  type  of  protection.  In  only  4 
tests  out  of  191  did  the  type  A  devices  prevent  the  passage  of  flames. 
Such  a  condition  does  not  appear  to  be  safe  and,  although  few  actual 
** punctures"  occurred,  the  margin  of  safety  seems  to  be  narrow  at 
all  times.  The  successful  operation  of  this  type  of  protection  appears 
to  depend  upon  the  dissipation  of  heat  outside  of  the  devices  instead 
of,  as  was  intended,  within  them.  The  margin  of  safety  was  over- 
stepped when  the  maximum  heat  was  discharged  from  the  devices 
at  a  comparatively  low  pressure.  This  was  accomplished  by  explod- 
ing the  gaseous  mixture  within  the  motor  casing  while  the  protecting 
poppet  valves  were  in  the  open  position.  Such  a  condition  might 
exist  in  practice  for  the  purpose  of  cooling  the  motor  whUe  in  oper- 
ation. 

The  type  B  and  the  type  C  devices  were  not  at  all  suited  to  the 
purposes  for  which  they  were  designed. 

Tlie  failure  of  the  type  D  devices  was  due  more  to  the  extremely 
severe  conditions  imposed  by  the  motor  design  than  to  imperfections 
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in  the  design  of  the  devices  themselves.  It  is  hard  to  conceive  of  ^a 
device  of  reasonable  size  that  could  absorb  the  amount  of  heat 
produced  by  the  continuous  operation  of  such  a  motor  in  a  gaseous 
atmosphere. 

The  weak  point  of  the  type  E  devices  was  their  tendency  to  ignite 
coal  dust  deposited  in  the  openings  of  the  baffle  plates  outside  the 
gauzes. 

BEQUniEMEXTS    OF    EXPLOSION-PBOOF    PBOTBCTIVE   DEVICES. 

Explosion-proof  protective  devices  should  be  so  designed  that 
flames  can  not  be  driven  through  them  by  an  explosion  of  gas  within 
the  casing  of  the  motor  to  which  they  are  connected.  They  should 
also  be  so  designed  that  coal  dust  can  not  enter  them  or,  if  allowed 
to  enter,  can  not  be  discharged  while  ignited.  Such  devices  should 
be  very  rugged  in  mechanical  design  or  they  should  be  completely 
protected  from  injury.  They  should  also  be  so  constructed  and 
applied  to  the  motor  that  they  can  not  be  detached  from  it  without 
rendering  the  motor  inoperative. 

CASINOS  OF  EZPLOSION-PBOOF  MOTOBS. 

The  casings  of  explosion-proof  motors  should  be  designed  with 
the  fewest  possible  number  of  openings.  An  ideal  casing  for  this 
purpose  would  be  one  that  had  no  openings  whatever  except  those 
to  which  the  protective  devices  were  attached.  The  electrical 
conductors  which  enter  such  casings  should  be  efficiently  bushed 
with  hard  fiber  or  some  other  material  that  wiU  make  a  strong  and 
tight  joint.  If  the  amount  of  unoccupied  space  within  the  casing 
is  made  as  small  as  possible  the  duty  of  the  protective  devices  will 
be  reduced  to  a  minimum. 

The  factory  tests  to  discover  unprotected  openings  in  the  casings 
of  explosion-proof  motors  should  be  as  rigid  and  complete  as  any 
tests  made  upon  the  protective  devices  themselves.     Several  inci- 
^  dents  that  occurred  during  this  investigation  emphasized  the  im- 
portance of  making  such  tests  for  tightness. 

Although  the  type  D  motor  was  carefully  examined  before  the 
test,  an  oil  drain  hole  one-fourth  inch  in  diameter  escaped  notice  as  it 
was  filled  soUd  with  dirt  and  grease.  On  the  first  test  tliis  filling 
blew  out  and  the  flames  that  instantly  followed  caused  an  explosion 
of  the  gaseous  mixture  surrounding  the  motor.  That  single  oversight 
made  the  protective  devices  of  no  avail. 

In  the  case  of  the  motor  that  was  suppUed  with  the  type  E  devices 
the  preliminary  examination  revealed  two  defects  that  had  been 
overlooked   by   the   manufacturers.     These   defects   were   repaired 
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before  beginning  the  tests,  but  a  third  defect  escaped  detection 
and  later  caused  an  explosion. 

Obviously  the  most  elaborate  protective  devices  are  useless  if 
there  are  unprotected  openings  in  the  motor  casing. 

The  starting  boxes  of  explosion-proof  motors  should  be  protected 
with  the  same  care  as  the  motor  casings. 

TEB  DESIGN  OF  PBOTECTIVE  DEVICES. 

The  most  satisfactory  form  of  protective  device  is  one  that  is 
capable  of  absorbing  a  large  amount  of  heat.  In  order  to  do  this 
the  device  must  be  constructed  of  a  metal  that  is  a  good  conductor  of 
heat.  A  considerable  amount  of  metal  should  be  used  and  it  should 
be  so  disposed  as  to  offer  a  large  amount  of  heat-absorbing  surface 
to  the  flames  without  beiag  itself  raised  to  an  unsafe  temperature. 
The  total  area  of  protected  openings  through  the  wall  of  the  motor 
casing  should  be  as  large  as  is  consistent  mechanically.  There  are 
two  reasons  for  this  arrangement.  First,  it  permits  the  use  of  mx)re 
heat-absorbing  material,  and,  second,  it  decreases  the  maximum 
pressure  developed.  The  lower  the  pressure  the  lower  the  tempera- 
ture of  the  flame  and  the  less  heat  is  passed  through  the  cooling  devices 
in  a  given  time.  With  a  lower  pressure  the  rate  of  flame  propagation 
is  slower;  consequently,  heat  absorption  is  facilitated. 

Use  may  be  made  of  the  fact  that  the  advancing  edge  of  the 
explosive  wave  is  the  most  Ukely  to  be  chilled  because  it  passes 
through  the  coolest  metal.  If,  then,  the  relatively  cool  dead  gas 
produced  by  this  means  is  passed  through  a  comparatively  long 
passage,  like  that  between  the  baffle  plates  of  the  type  E  devices, 
subsequent  flames  will  be  cloaked  with  noncombustible  gas  and  can 
cause  no  ignition. 

Finally,  the  simpler  and  more  rugged  the  design  of  such  devices 
the  better  are  they  adapted  for  practical  purposes.  The  devices 
should  be  so  mounted  as  to  render  impossible  the  separation  of  plates 
or  the  rupture  of  gauzes.  A  splendid  place  for  such  devices  would 
be  entirely  within  the  motor  casing,  with  vent  holes  for  the  escaping 
gases. 

LIST     OF    PERMISSIBLE    EXPLOSION-PROOF    MOTORS. 

The  Bureau  of  Mines  is  prepared  to  make  tests  of  explosion- 
proof  motors  for  the  purpose  of  establishing  a  "permissible  list"  of  such 
machines.  Schedule  2  of  the  bureau  describes  the  conditions  under 
which  such  tests  will  be  undertaken  and  states  the  fees  charged  for 
the  work.  This  schedule  may  be  obtained  by  applying  to  the 
Director  of  the  Bureau  of  Mines,  Washington,  D.  C. 
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PUBLICATIONS  ON  MINE  ACCIDENTS  AND  TESTS  OF 

EXPLOSIVES. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. 

Bulletin  10.  The  use  of  permiasible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.    1912.    34  pp.,  5  pla. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
biu:gh,  by  G.  A .  Burrell,  and  an  introduction  by  C.  E.  Munroe.    1911.    197  pp.,  7  pis. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Mimroe  and  Clarence 
Hall.    61  pp.,  10  pis.    RepriDt  of  United  States  Geological  Survey  Bulletin  423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  witii  chapters  by  J.  C. 
W.  Prazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.  Reprint  of 
United  States  Geological  Survey  Bulletin  425. 

Bulletin  26.  Notes  on  explosive  mine  gases  and  dusts,  by  R.  T.  Chamberlin.  67 
pp.    Reprint  of  United  States  Geological  Survey  Bulletin  383. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  purpose  and 
equipment,  by  H.  H.  Clark.    1911.    12  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
pressure,  by  W.  O.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigation  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    19  pp. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.    15  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snelling 
and  C.  G.  Stoi-m.    1912.    14  pp.,  1  pi. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  Burrell 
andF.  M.  Seibert.    1912.    16  pp. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.    1912.    20  pp. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    34  pp.     1  pi. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by 
H.H.Clark.    1912.    14  pp. 

Technical  Paper  21.  The  prevention  of  mine  explosions,  report  and  recommenda- 
tions, by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12  pp.  Reprint 
of  United  States  Geological  Survey  Bulletin  369,  revised. 

Miners'  Circular  2.  Permissible  explosives  tested  prior  to  January  1,  1911,  and 
precautions  to  be  taken  in  their  use,  by  Clarence  Hall.    1911.    12  pp. 

Miners'  Circular  3.  Coal-dust  explosions,  by  G.  S.  Rice.    1911.    22  pp. 

Miners'  Circular  4.  The  use  and  care  of  mine-rescue  breathing  apparatus,  by  J. 
W.Paul.    1911.    24pp. 

Miners'  Circular  5.  Electrical  accidents  in  mines;  their  causes  and  prevention, 
by  H.  H.  Clark,  W.  D.  Roberts,  L.  C.  Ilsley,  and  H.  F.  Randolph.  1911.  10  pp., 
3  pis.  • 

Miners'  Circular  6.  Permissible  explosives  tested  prior  to  January  1,  1912,  and 
precautions  to  be  taken  in  their  use,  by  Clarence  Hall.    1912.    20  pp. 
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VKEFACE. 


By  J.  A.  ;HoufM. 


DiiBing  the  past  year,  in  producing  500,000,000  toofl  of  ooal  we 
wasted  or  left  undergroundi  in  such  condition  that  it  jHrobaUy  will 
not  be  TecoTered  in  the  future,  250,000,000  tons  of  ooal;  we  turned 
loose  into  the  atmosphere  a  quantity  of  natural  gas  larger  than  the 
total  output  of  artificial  gas  during  the  same  period  in  all  the  towns 
and  cities  of  the  United  States;  we  also  wasted  or  lost  in  the  mining, 
operation,  and  tceatment  of  other  important  metallifesous  and  non- 
metalliferous  minefals  from  10  to  50  per  cent  of  the  year'a  jModuc- 
tion  of  such  minarals.  These  losses  serve  to  indicate  the  importance 
of  inquiries  and  investigations  by  the  Federal  Government  lor  the 
purpoBe  of  lessening  the  waste  of  essential  resources — ^investigations 
on  the  same  general  lines  as  those  looking  to  a  reduction  in  the  loss  of 
life  in  the  mining  operations  of  the  country  and  the  far  more  exten- 
sive investigations  lo<^dng  to  the  more  efficient  juxxiuction  and  use 
of  agricultural  products,  both  of  which  are  being  conducted  by  the 
Federal  Government. 

In  a  consideration  of  the  possible  activities  of  the  individual,  the 
State,  and  the  Federal  Government  in  behalf  of  a  less  wasteful  use 
of  our  mineral  resources  certain  facts  and  principles  should  be  kept 
cleariy  in  mind,  namely: 

That  the  i^esent  generation  has  the  pow^,  and  it  will  exercise  the 
right,  to  use  as  much  of  the  country's  resomnees  as  it  actually  needs; 
there  can  and  these  will  be  no  such  thing  as  stinting  the  present  gen- 
eration by  bottling  up  resources  for  the  use  of  the  future. 

That  the  Nation's  needs  are  not  likely  to  be  curtailed;  these  needs 
win  increase  with  the  extent  and  diversity  of  the  Nation's  industries, 
and  they  will  increase  more  rapidly  than  population  increases,  for  the 
reason  Uiat  the  per  capita  consumption  of  mineral  products  is  rapidly 
increasing;  and 

ThtLt  the  men  of  this  generation  will  not  mine,  extract,  or  use  these 
resources  at  continuous  financial  loss  to  themselves  in  order  that  some- 
tiiing  may  be  left  for  the  use  of  future  generations ;  there  can  be  no 
such  thing  as  a  mineral  industry  without  profits. 
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Furthermore,  it  should  be  dearly  understood  that  the  mineral  re- 
sources of  this  country  have  required  long  ages  for  their  accumulation 
and  that  of  these  resources  the  Nation  has  but  the  one  supply.  There 
are  no  known  substitutes  available  to  meet  the  Nation's  further  needs 
when  that  supply  will  be  exhausted  and,  to  the  best  of  our  present 
knowledge,  this  one  supply  must  serve  as  a  .basis  for  both  the  needs 
of  the  present  and  the  far  greater  needs  of  the  future. 

In  a  higher  way  our  mineral  resources  should  be  regarded  as 
property  to  be  used  and  to  be  held  in  trust  with  regard  to  both  the 
present  and  the  future  needs  of  the  country.  It  should  be  remem- 
bered that  neither  human  labor  nor  any  human  agency  has  contrib- 
uted to  their  origin  or  to  their  intrinsic  value,  and  that  whatever 
rights  the  individual  may  possess  have  been  derived  from  ihe  General 
Government  and  from  the  State  as  ihe  original  owner.  The  State 
does  not  surrender  its  right,  and  should  not  neglect  its  duty,  to 
safeguard  the  welfare  of  its  future  citizens  by  preventing  ihe  wasteful 
use  of  these  resources.  Though  ihe  individual  may  claim  the  right  to 
use  the  resources  in  proportion  to  his  needs  and  the  needs  of  the 
community,  he  certainly  has  no  rig^t  to  waste  that  which  is  not 
needed  for  present  use  but  is  certain  to  be  needed  hereafter. 

Those  in  charge  of  the  investigations  of  the  Bureau  of  Mines  recog- 
nize the  rights  and  duties  of  the  Federal  Government  as  being  limited 
to  the  canying  on  of  inquiries  and  investigations  with  a  view  to 
determining  the  nature  and  extent  of  this  waste  of  resources,  the 
means  by  which  it  may  be  diminished,  and  the  setting  forth  of  the 
facts  in  ^e  case. 

The  present  report  embodies  ihe  results  of  certain  preUminaiy 
inquiries  as  to  the  nature  and  extent  of  this  waste.  It  will  be  fol- 
lowed by  a  more  detailed  report  on  the  subject  as  soon  as  ihe  necessary 
inquiries  and  investigations  have  been  conducted  and  the  results  put 
in  shape  for  publication. 

In  ^e  preUminaiy  work  along  these  lines,  the  representatives  of 
the  bureau  have  received  the  cordial  cooperation  of  the  engineers  and 
chemists  associated  with  the  varied  mineral  industries  of  this  country 
and  also  of  the  owners  and  the  operators  of  the  mines  and  the  metal- 
luigical  plants. 


NOTES  ON  MINERAL  WASTES. 


By  Chablbs  L.  Pabson6. 


INTKODUCfnOH. 


Tim  wki/fnk  lesourew,  iriiich  hy  their  abimdance  m  favored  locali- 
tin  hftve  made  our  dvilizatiaD  posnUe,  required  the  igea  for  their 
boildbig.  Thiovgh  waS&mB,  perhaps  himdreds  ef  milMons,  of  jetm 
their  segregatiM  into  tvorkaUe  deposits  has  been  going  on.  Hiexr 
genesis  may  still  be  under  way,  but  the  rate  of  their  formation  is  now 
infinitesimal  in  proportion  to  tJbe  rate  at  which  they  are  being  eroded 
and  scattered  over  the  earth's  surface. 

NEED  OF  PBETENTIN'O  MINEBAL  WASTE. 


It  is  practically  imposaiUe  to  estimate  the  supplies  of  our  chief 
ores  and  minerals.  A  few  minerals,  like  the  silicates,  are  inex- 
haustible; one  or  two  metals,  like  aluminum,  may  become  so  like- 
win  when  pnoesses  are  devised  to  utilize  material  not  now  available. 
Uany  new  deposits  of  all  wilt  imdoubtedly  be  found;  but  the  ulti- 
mate exhaustion  and  disstpation  of  some  of  our  impoortant  useful 
minerals  of  to-day,  from  the  standpoint  of  the  raoe  and  in  the  light  of 
present  knowledge,  is  in  sight.  This  fact  deserves  serious  considera- 
tion. Hence,  it  is  of  the  utmost  importance  that  these  minerals  be 
mined,  concentrated,  and  utilised  with  all  jvaetical  economy,  and  that 
the  metals,  after  serving  their  purposes  in  manufactured  articles,  be 
ooBeeted  for  reuse  wherever  possible.  These  basic  principles  have  all 
bean  expounded  by  many  eminent  writers,  and  are  brought  together 
in  interesting  form  in  the  report  of  the  Naticmal  Conservation  Com- 
miaoon,*  in  a  book  of  lectures  by  Charles  R.  Van  Hise,^  and  in  many 
indivklual  articles  in  the  public  press  and  in  scientific  and  technical 
puhlioatbns.^ 

The  minsfal  lesourees  of  the  United  States  are  greater  than  those 
of  any  other  nation.    In  1911  the  value  ol  the  product  of  our  mines 

•  8.  Doe.  No.  078,  OOCh  Cook.,  9d  8688. 

•TlM  MMvnlfonorvrtanlMaMineB  in  Ibe  VBlted  8ut88,  iMOi  413  pp. 

«lfliHaawi8t8Bf;ii4fBlaiii.  Jkior.  Xd4.  Md  Eng^  Gboa.,  tc^  4»  ICanli,  IttUl 
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and  quarries  exceeded  $2^000,000,000  in  the  wealth  produced  bj  our 
people,  being  surpassed  only  by  the  value  of  the  product  of  the  soil. 
No  matter  of  greater  moment  concerns  us,  therefore,  than  the  proper 
conservation  of  our  mineral  resources  for  the  needs  of  the  future. 
This  conservation  can  be  accomplished  only  by  avoiding  waste  in 
the  mining,  manufacture,  and  use  of  the  mineral  products  that  the 
legitimate  advancement  of  commerce  and  industry  may  require. 

The  purpose  of  the  Bureau  of  Mines  in  publishing  this  report  is  to 
call  attention  to  some  of  the  present  wastes,  in  the  hope  that  knowl- 
edge of  the  facts  may  lead  to  an  increased  desire  to  eradicate  the 
wastes,  and  to  a  greater  interest  in  careful,  practical,  and  scientific 
investigations,  through  which  only  can  they  be  overcome.  Much  has 
already  been  done,  especially  in  the  metallurgy  of  iron,  lead,  copper, 
and  the  precious  metals,  and  there  is  no  intention  of  belittling  in  any 
way  the  really  wonderful  work  of  the  last  half  century  or  of  the  last 
decade,  but  time  is  sure  to  show  that  human  accomplishment  in 
economical  mineral  technology  is  only  in  its  beginnings. 

VABIBTT  OF  WASTES. 

Wastes  in  mineral  production  and  treatments  are  of  many  kinds. 
There  are  wastes  in  mining,  in  concentrating  or  ore  dressing,  in  smelt- 
ing or  manufacture,  in  flue  dust,  and  in  unrecovered  dross  and  scrap. 
Inefficient  methods  are  adopted  through  unnoted  or  undeveloped 
opportunity.  Losses  are  caused  by  the  use  of  material  entirely 
unfitted  for  the  use  to  which  it  is  put.  Air  and  light  and  moisture 
cause  rusting  and  decay.  Certain  uses,  such  as  that  of  zinc  oxide  and 
lead  carbonate  for  paints  or  for  the  £31ing  of  rubber  for  automobile 
tires,  leave  no  practical  chance  for  recovery.  Failure  to  use  resources, 
the  value  of  which  is  yet  unknown,  gives  rise  to  economic  ineffi- 
ciency. All  present  wastes  will  be  largely  prevented  in  future,  as 
science  progresses  and  investigations  multiply. 

In  the  process  of  mining  some  of  the  material  is  inevitably  left  in 
the  ground,  being  of  too  low  grade  to  work  with  profit,  or  being  neces- 
saiy  for  roof  supports  in  the  form  of  pillars.  Many  ores,  formerly  of 
too  low  grade  to  pay  for  extraction,  are  now  sources  of  wealth,  and 
care  should  be  taken  to  leave  low-grade  deposits  in  position  for  future 
development  whenever  conditions  warrant.  Improved  methods  of 
mining  and  timbering  often  permit  the  complete  removal  of  piUars, 
and  their  replacement  with  valueless  material.  New  forms  of 
machineiy  will  reduce  costs,  and  entirely  feasible  precautions  will 
lessen  the  danger  to  life  and  limb. 

In  ore  dressing  and  ore  concentration  the  losses  are  often  startling, 
and,  in  spite  of  the  advances  in  the  last  few  years,  this  field  offers 
broad  opportunity  for  the  investigator.    Present  practice  should 
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always  consider  the  storage  of  the  material  now  wasted,  in  the  hope 
that  new  knowledge  may  yet  render  it  profitably  available.  Nmner- 
ous  instances  might  be  cited  in  which  the  tailings  from  gold  mines, 
the  slags  from  copper  smelters,  and  the  dumps  from  mines  and  manu- 
factories have  become  a  source  of  wealth,  the  wastes  of  the  past  being 
thus  converted  into  the  dividends  of  the  present. 

The  dust  from  stacks  and  chinmeys  of  all  kinds  is  often  not  only 
a  great  waste  of  valuable  material,  but  is  one  of  the  great  evils  of 
modem  civilization.  Valuable  metalliferous  dusts  are  strewn  broad« 
cast  from  the  stacks  of  our  smelters;  gases  and  poisonous  solids 
destroy  vegetable  and  animal  life;  and  masses  of  black  smoke  pour 
from  our  chimneys  and  settle  in  clouds  over  many  of  our  cities,  ren- 
dering them  exceedingly  disagreeable  and  unsightly.  Even  with 
present  knowledge,  practically  all  dust  nuisances  are  preventable,  and 
legislation  the  country  over  is  diminishing  the  dust  output  from 
smelters,  from  cement  plants,  and  from  smoking  chimneys,  often 
with  the  result  that  the  collection  of  dust  incident  to  smoke  preven- 
tion becomes  a  source  of  profit.  Specific  instances  of  the  wastes 
mentioned  are  cited  in  subsequent  pages. 

LOSSES  THBOUGH  INEFFICIENT  METHODS  OF  TBEATlfENT  AND  USE. 

Losses  through  inefficient  methods  are  not  always  realized,  some- 
times because  proper  practice  has  not  been  developed,  but  oftener 
because  of  ignorauce  resulting  from  lack  of  technical  supervision,  or 
because  of  prejudice  against  its  employment.  The  increase  in  effi- 
ciency of  method  will  surely  be  greater  in  the  future  than  in  the 
past,  although  no  fable  is  more  wonderfxil  than  the  history  of  the 
development  of  the  metallurgy  of  iron  through  the  introduction  of 
the  Bessemer  and  the  open-hearth  processes,  the  recovery  from  the 
waste  gases  of  heat  for  the  blast  and  the  driving  machinery,  the 
dehydrating  of  the  blast,  the  nodularizing  of  the  flue  dust,  and  the 
utilization  of  the  slag.  The  metalluigy  of  copper  has  greatly  ad- 
vanced in  recent  years,  but  more  efficient  methods,  yet  to  be  devised, 
win  save  fuel  and  conserve  the  sulphur  as  well  as  valuable  accom- 
panying metals  that  now  go  off  in  the  slag.  The  methods  for  winning 
zinc,  owing  to  the  peculiar  reaction  of  that  metal,  are  little  changed 
in  principle  from  those  in  vogue  when  the  metal  was  first  commer- 
cially obtained. 

The  application  of  new  scientific  principles  to  simple  manufac^ 
tuiing  practice  often  brings  about  incalculable  saving.  Hess  states  ^ 
that  the  advent  of  tungsten-steel  tools  has  saved  hundreds  of  millions 
of  doUars  in  the  United  States  alone  by  the  increased  efficiency  of 

•  HflBB,  F.  L.,  GcneKal  oopdlticn  ol  tansBtea  industry.   Mineral  Besouiow  U.  S.  for  1910,  U.  S.  Q%oL  Bur> 
VB7,1911,^13. 
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oyer  400  per  eeiii  in  metaL'Cttttiiig  lathes,  and  quotes  Mr.  Elwood 
Hayaes  to  the  effect  that  a  certain  automobile  company  would  be 
oUiged  to  add  $200  to  the  price  of  each  automobile  now  manufac- 
tured should  it  have  to  use  the  old  caiboiif«teel  tools  iAetead  of  the 
tungstenniteel  tods  it  now  employB.  Vanadium  and  molybdenum 
haye  much  the  same  effect  on  steel  as  tungsten  when  used  in  the 
proportionate  amottsts  of  about  1  of  yanadium  to  5  of  molybdenum 
to  18  of  tuagsten.  The  beneficial  effects  of  these  elements  should 
net  be  accorded  to  them  alone,  for  each  must  be  accompanied  by 
chromium  also  to  pye  the  remdtimg  ferroalloys  the  properties  that 
render  them  yaluaUe. 

Another  good  example  <rf  waste  in  utilisation  is  the  f  ailuie  to  use 
the  latest  methods  m  the  hardening  and  tempering  of  steel.  A 
certain  large  manufacturer  of  steel  blades,  making  at  the  present 
time  scow  300,000  blades  a  day,  has  reduced  his  costs  more  than  half 
threugh  the  seryices  of  an  expert  diiemdeal  engineer.  He  now  uses 
some  3  teas  of  cold^-roUed  steel  per  week.  The  blades  were  f  ormeriy 
hardened  by  using  65  machinea  which,  utilizing  gas  and  blast  for  the 
heating  process,  ran  day  and  night  and  required  15  men  for  their 
control.  The  company  is  using  six  electrically  heated  furnaces, 
which,  in  an  8-hour  day,  giye  double  the  old  capacity  and  require 
the  services  of  only  two  operators.  For  the  tempering  process  the 
blades,  70  pounds  at  a  time,  are  dipped  into  an  electrically  heated 
salt  bath,  and  are  held  for  a  definite  period  at  a  temperature  precisely 
controlled  by  pyrmneters.  On  the  other  hand,  another  of  our 
largest  manufacturers  of  small  steel  articles  is  still  employing  the 
hand  labor  of  blacksmiths  for  hardening  each  article,  getting  a  much 
more  yariable  result  at  many  times  the  cost.  The  company  is  work- 
ing up  hundreds  of  thousands  of  dollars'  worth  of  material  each  year, 
believing  that  its  supposedly  secret  practice  is  an  asset  of  great  yalue. 
Examples  of  this  kind  of  waste  could  be  almost  indefinitely  multi- 
plied. 

The  prevention  of  waste  of  metals  is  largely  a  question  of  their 
preservation.  Metals  like  copper,  iron,  gold,  and  silver  tend  to 
accumulate  and  add  to  the  world's  stock.  2jinc  and  probably  some 
other  metals  are  dissipated  each  year  in  quantities  almost  as  great  as 
the  amounts  produced.  Accordingly,  any  means  that  tends  to  pre- 
vent the  destruction  of  metajs,  whether  it  be  use  of  protective  coat- 
ings of  cement,  enamel,  or  paint,  or  the  addition  of  some  substance 
that  renders  the  metals  comparatively  immime,  such  as  the  addition 
of  copper  to  iron,  is  of  the  utmost  importance  in  intelligent  coneervar 
tion. 

Less  than  half  of  the  known  elementa  of  which  the  earth  is  composed 
are  now  commercially  important,  and  some  of  the  most  abundant  are 
the  least  used.    Many  instances  are  on  record  of  yaluable  but  little- 
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known  mmeraki  of  the  jamt  elesnento  liekig  pftSBed  over  tad  lost 
through  inability  of  the  ordinary  proqpector  to  idestif y  them.  Futum 
investigation  will  certainly  develop  Bunj  loaportaat  appMeatioiie  for 
materials  now  useless,  and  new  eaqploration  will  develop  vesources 
that  are  now  unsuspected. 

The  scrap  heap  is  leceiviag  matm  and  more  attentum  ereiy  day, 
and  important  results  in  true  consecvation  hare  already  hesA  accom- 
plished throng  the  medium  of  the  junk  dealer.  Ipoa  by  the  tJbou* 
sands  of  tons  is  collected  to  be  resmelted  in  the  open-hearth  f  umaoe. 
Lead  scrap,  stereotype  metal,  babbitt,  and  aelder  are  remelted  and 
reused;  tin  from  tin  scrap  and  tin  dross,  and  zine  from  sine  ^«pr**g* 
and  zinc  dross  ^re  recoveied.  Copper  from  old  wiie,  from  discarded 
copperware,  from  brass  scrap,  from  bronze  scrap,  from  copper  paint 
sludge,  from  the  ashes  of  brass  and  eopper  fumaeea,  from  moldeis' 
sand,  etc.,  is  separated  irom  its  accompanying  metals  and  comes 
once  more  on  the  market.  Gold,  silver,  Mid  platinum  are  collected 
frcHn  jewelers'  sweepingB  and  dontal  waste.  All  this  is  the  truest 
conservation,  for  it  tends  to  keep  the  world's  stock  intact.  Losses, 
however,  are  still  incalculable,  although  dtten  readily  pseYentable 
tfarou^  a^^fdication  of  known  remedies  or  through  a  1^^  investiga* 
tion  and  intelligent  experimentation. 

In  a  consideration  df  this  whole  question  of  waste,  one  should  ro- 
member  that  there  are  many  wastes  that  are  necessary  under  preaent 
economic  conditions.  In  all  cases,  however,  every  effort  should  be 
made  to  stcHre  up  for  future  use  material  that  may,  as  human  know^ 
edge  advances,  hecooM  valuable.  The  really  important  prd>lraii 
before  the  country  is  to  investigate  the  extent  and  nature  of  these 
wastes  and  then  to  find  and  apply  remedies  in  a  thoroughly  businesa- 
like  way. 

FUBL  on  CABBON  WA8TES  AND  THBIB  BBDTTCTZON. 

The  wastes  of  carbon  in  our  modem  economy  are  almost  incompre- 
hennble.  Only  the  wastes  of  what  may  be  termed  inorganic  caibon 
can  be  considered  here. 

WASTES  IN  THE  MININO  JJW  UTILIZATION  OF  COAL. 

In  mining  coal  in  this  country  probably  one-third  of  the  bitu- 
minous coal  and  one-half  the  anthracite  are  left  in  the  mine.  Better 
methods  of  mining  have  reduced  past  losses  and  there  is  prospect  of 
further  immediate  improvement.  The  losses  from  pillars  left  to  sup- 
port the  roof,  and  from  coal  left  in  beds  too  thin  to  be  mined  profitably 
are  sure  to  continue,  but  can  be  greatly  diminished.  Fully  80,000,000 
tons  of  anthracite  coal  is  now  being  left  behind  m  the  mines  each  year, 
and  it  is  estimated  that  since  coal  mining  began  in  this  country  fully 
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2,000;000;000  tons  of  anthracite  and  3,000,000,000  tons  of  bitumi- 
nous coal  have  been  left  in  the  ground  under  conditions  which  make 
future  recovery  highly  improbable.^ 

After  coal  is  mined,  the  losses  by  no  means  cease,  although  some  of 
the  culm  that  f onnerly  went  to  waste  by  millions  of  tons  is  now  being 
briquetted  and  used.  Probably  not  over  1 1  per  cent  of  the  energy  in 
coal  is  effectively  utilized.  The  remainder  of  the  energy  is  lost 
through  the  inefficiency  of  the  steam  boiler,  the  steam  engine,  and  the 
electric  dynamo.  It  is  estimated  that  the  boiler  scale  in  locomotives 
alone  in  this  country  means  a  loss  of  over  15,000,000  tons  of  coal 
annually.  It  has  been  shown  that  one-sixteenth  of  an  inch  of  scale 
nieans  a  loss  of  1 3  per  cent  and  that  one-eighth  inch,  an  amount  present 
in  many  boilers,  means  a  loss  of  25  per  cent  in  boiler  efficiency. 
This  boiler  scale  not  only  causes  a  loss  of  energy,  but  its  presence 
shortens  the  life  of  the  boiler  itself.  Careful  study  of  boiler  practice 
has  greatly  increased  boiler  efficiency,  but,  although  80  per  cent  effi- 
ciency is  obtained  under  careful  chemical  control  in  the  best  experi* 
ments,  not  above  50  per  cent  is  obtained  in  average  practice. 

In  spite  of  present  conditions,  great  advancement  in  the  utilization 
of  fuel  has  been  made,  and  greater  advances  will  foUow,  although  the 
direct  utilization  of  the  full  energy  of  carbon  through  some  chemical 
process  may  be  the  dream  of  the  chemical  engineer  for  decades  to 
come. 

One  of  the  efficient  methods  of  conserving  our  coal  supplies 
is  through  the  utilization  of  water  power.  Furthermore,  the  devel- 
opment of  the  gas  engine,  by  means  of  which  the  energy  of  fuel  can 
be  utilized  without  the  intermediary  loss  involved  in  generating  steam, 
is  rapid.  This  development  has  the  distinct  advantage  that  much 
coal,  too  poor  in  carbon  content  to  be  economically  transported,  can 
be  readily  burned  in  gas  producers  and  its  energy  transmitted  to  a 
distance  through  the  gas  engine  and  the  dynamo.  The  covering  of 
pipes  with  asbestos  and  magnesia  coatings  and  the  scientific  control 
of  the  combustion  of  coal  under  boilers  are  greatly  increasing  the 
amount  of  energy  actually  utilized,  but  the  losses  of  carbon  that  is 
still  pouring  from  our  chinmeys,  defacing  monuments,  buildings,  and 
landscape,  are  without  valid  reason. 

The  entirely  needless  and  seemingly  ruthless  loss  of  the  energy  from 
carbon  in  the  production  of  coke  must  also  be  mentioned.  Parker 
states  ^  that  the  value  of  the  recoverable  contents  of  the  coal  made 
into  coke  in  beehive  ovens  which  was  wasted  in  1910  would  have  been 
between  $35,000,000  and  $40,000,000.  If  all  the  coke  made  in  the 
United  States  were  produced  in  retort  ovens,  these  would  yield  from 

•  Hotancs,  J.  A.,  Otfbon  wastae.   Jour.  Ind.  and  Eng.  Cbem.,  toI.  4,  ICarch,  1912,  p.  160. 
»  Parker,  E.  W.,  The  production  of  ooke  in  1010.   Mineral  ReBources  U.  B.  for  1910,  U.  8.  OeoL  Surrey, 
1911,  p.  963. 
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the  carbon  now  wastef uUy  consumed,  no  account  being  taken  of  by- 
products, approximately  1,000,000  hoi^epower. 

possiBiLmr  OP  utilizino  coal  tar. 

The  argument  fonnerly  made  against  the  use  of  by-product  coke 
oYens,  that  the  output  of  tar  could  not  be  marketed  in  this  country, 
no  longer  holds,  for  not  only  is  there  a  ready  outlet  for  the  crude  tar 
for  use  on  roads,  but  indications  are  not  lacking  that  we  shall  not 
always  be  dependent  upon  outsiders  for  needed  coal-tar  products. 
Germany  already  makes  over  four-fifths  of  her  coke  in  by-product 
ovens',  whereas  five-eixths  of  the  coal  we  coke  has  some  $40,000,000  of 
its  value  dissipated  into  the  atmosphere.  This  loss  might  be  pre- 
vented by  the  use  of  modem  methods. 

Without  entering  into  the  details  of  the  wonderful  coal-tar  industry, 
which,  although  probably  the  greatest  example  of  chemical  industrial 
progress,  is  only  beginning  to  develop  in  this  country,  it  is  interesting 
to  note  the  indirect  bearing  of  this  industry  upon  conservation  through 
the  synthetic  preparation  of  alizarin,  indigo,  and  other  colors  that  were 
formerly  produced  from  plants  grown  on  land  now  devoted  to  other 
purposes.  It  has  been  stated  that  the  synthetic  indigo  now  prepared 
from  coal  tar  is  equivalent  in  amoimt  to  that  which  would  be  produced 
by  over  300,000  acres  of  indigo  plants.  Furthermore,  development  of 
one  industry  like  this  always  has  a  decided  influence  upon  another. 
When  the  cyanide  process  for  the  extraction  of  gold  was  first  proposed, 
potassium  cyanide  cost  over  $1  per  pound.  By  the  untilization  of 
waste  products  and  the  perfection  of  methods,  the  price  of  cyanide, 
now  chiefly  used  in  the  form  of  sodium  cyanide,  has  been  reduced  in 
the  chief  producing  countries  to  something  like  15  cents  per  pound, 
and  since  a  saving  of  1  cent  per  pound  of  cyanide  means  a  saving  of 
something  like  $150,000  annually  to  the  gold  industry,  the  cheapen- 
ing of  this  product  alone  means  a  saving  to  the  world  of  some 
$12,000,000  a  year. 

wastes  in  the  petboleum  and  natt7Bai>gas  industries. 

The  29,000,000  metric  tons  of  petroleum  that  the  United  States  now 
produces  is  for  the  main  part  utilized.  It  is  not  always  used  econo- 
mically, and  undoubtedly  large  losses  in  lubrication  might  be  avoided. 
Few  people  realize  the  immense  amount  of  lubricating  oil  used,  and 
there  is  probably  no  substance  on  the  market  more  subject  to  the 
abuse  of  bhmd.  For  a  consumer  to  pay  more  than  50  per  cent  of  the 
selling  price  for  the  name  on  the  container  is  not  at  all  uncommon,  and 
as  regards  the  high-priced  lubricants  the  same  oil  can  frequently  be 
bou^t  on  specification  for  one-third  the  price  that  would  be  paid  for 
it  under  some  special  copyrighted  name.  This  is  an  economic  but  not 
a  material  waste. 


14  irond  dif  nm^mtAL  WA^fu. 

Formeriy  kerosene  was  the  cbiel  product  soc^t  m  the  d]8tfll»tio& 
of  petroleum,  and  immetifiie  quantities  of  the  lighter  and  heayier 
fractions  were  thrown  away.  With  the  introduction  of  the  electric 
light;  of  the  automobile,  and  of  the  proper  understanding  of  lubrica- 
tion, almost  the  total  output  of  petroleum  is  now  utilized  as  gas, 
gasoline,  naphtha,  benzine,  kerosene,  lubricating  oil,  aspfaaltic  road 
material,  and  carbon  for  electrical  purposes.  Indeed,  kerosene  has 
almost  become  a  secondly  product,  and  within  the  last  few  years 
the  demand  for  gasoline  has  been  so  great  that  petroleum  eo(mpan!ee 
are  anxious  to  increase  the  output  of  that  fkwstioa.  Not  only  are 
investigations  under  way  to  convert  the  heavier  products  into  gaso- 
line by  chemical  or  thermal  methods,  but  the  gases  from  petroleum 
wells  and  from  natural-gas  wells  are  beisig  subjected  to  cold  and 
pressure,  and  a  light,  easily  volatile  liquid  product  is  being  condensed 
therefrom,  which  can  be  used  in  gas  engines.  From  some  gas  welb 
2  to  6  gallons  of  liquid  products  may  be  obtained  from  each  1,000 
cubic  feet  of  gas.  The  gas  itself  is  r^idered  better  for  illuminating 
purposes  or  for  gas^ngine  combustion,  though,  of  courae,  its  volume 
is  considerably  decreased.  Many  thousand  gidions  of  this  kind  of 
gasoline  is  now  produced  daHy. 

The  wastes  of  carbon  throu^  the  escape  of  nateral  gas  into  the 
atmosphere  are,  and  always  have  been,  little  less  than  crimmal  in 
every  new  gas  or  oil  field.  In  most  of  the  M  fields  these  leases  hav« 
been  controlled,  and  the  gaa  is  held  stored  in  its  natural  wmsrvoir, 
sometimes  under  tremendous  pressure,  mrtil  used.  Fonaeily  this 
pressure  was  utilised  at  some  wells  to  nm  <mgines,  the  gas  Haetf 
passing  off  into  the  al^nosphere,  but  this  waste  has  been  stopped  hjr 
legislation  in  most  States.  In  a  few  cases,  in  whidi  reduced  {ireesiiiie 
is  desired  before  running  gas  into  mains  for  distribution,  tiie  higb 
pressure  is  still  reduced  through  the  medium  of  engines,  thus  oeoi- 
sernng  both  energy  and  gas.  Although  in  the  mote  mcently  dcTelr 
oped  fields  there  are  still  intolerable  wastes,  it  is  {deasii^  to  note* 
that  careful  study  and  perfection  of  method  are  leading  to  a  rapid 
decrease.  Many  million  gallons  of  the  lighter  petroleum  products, 
lying  between  true  gasoline  and  natural  gas,  is  ansnually  lost  by 
evaporation  from  the  open  moirtiis  of  petrolemn  wdls  and  fmn  open 
storage  tanks. 

In  connection  with  the  utilissation  of  petrdenm  and  natwal  gas, 
two  problems  of  importance  need  solution  and  wiil  in  time  be  solved. 
First,  a  gas  engine  that  will  use  crude  petMleum  efficientfy  wiH  oso- 
serve  to  a  laige  extent  the  energy  that  is  new  wasted  m  pasmag 
through  the  medium  of  steam,  and  will,  aooordm^y,  gneatly  ^niaiffe 
the  area  within  which  ships  may  travel  on  a  limited  fuel^UKriTiDg 
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•  D^j,  D.  T. ,  and  HUl,  B. ,  The  production  d  natural  gas  in  1010.    Minaral  Reeoaroes  U.  S.  for  1910.  XJ.  S. 
OaoL  Surrajf  1011,  pp.  200-3a&. 
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capacity,  as  well  as  greatly  increase  the  power  produced  per  fuel  unit 
in  all  power  plants  using  liquid  fuels  of  this  class.  Second,  there  is 
a  rapidly  growing  demand  for  hydrogen,  both  for  reducing  oils  and 
fats  to  products  of  lower  melting  point  and  for  the  development  of 
other  processes,  which,  in  part  at  least,  like  the  proposed  contact 
process  for  ammonia  production,  are  dependent  upon  cheap  hydro- 
gen for  successful  exploitation.  From  petroleum  products,  as  well  as 
from  natural  gas,  hydrogen  can  be  produced  and  carbon,  perhaps  as 
lampblack,  be  simultaneously  obtained. 

The  present  process  of  manufacturing  lampblack  from  natural  gas 
is  verv  inefficient.  Not  onlv  is  the  heat  of  combustion  of  the  hydro- 
gen  entirely  lost,  but  a  considerable  portion  of  the  lampblack  actually 
freed  and  not  consumed  is  wasted.  The  recent  improvement  in 
methods  of  dust  recovery  should  make  the  conservation  of  this  loss 
an  easy  matter.  B.  B.  Butler  states  "  that  in  a  large  West  Virginia 
plant  at  least  25  per  cent,  and  probably  S3  J  per  cent,  of  the  gas  burned 
for  lampblack  is  wasted  in  the  form  of  a  dense  cloud  of  black  dust 
mechanically  carried  with  the  draft. 

Uses  are  being  sought  also  for  the  large  quanMties  of  the  so-called 
solar  oils  of  the  Texas  petroleums,  which  seem  to  be  too  good  to  be 
used  for  fuel  but  are  not  light  enough  to  be  distilled  for  kerosene. 

ADVANCES  IN  THE  HETALLTTRGY  OF  IRON. 

The  metallurgy  of  iron  has  reached  a  perfection  beyond  that  of  any 
other  metal,  and  wastes  have  been  eUminated  to  an  extent  that  serves 
as  some  indication  of  what  perhaps  may  be  done  in  other  industries 
when  the  same  amount  of  intelligent  investigation  has  been  applied 
to  their  development.  From  the  mine  up  every  possible  waste  has 
been  closely  watched  and  most  of  the  wastes  have  been  eliminated. 
The  pK)orer  ores  are  being  reserved  in  a  condition  available  for  future 
use;  the  methods  of  the  blast  furnace,  the  steel  mill,  and  the  foundry 
have  been  rapidly  attaining  high  efficiency ;  most  of  the  waste  gases  and 
the  flue  dust  are  being  utilized;  and  the  slag  is  being  converted  into 
Portland  cement  at  the  rate  of  nearly  8,000,000  barrels  a  year.  This 
advance  by  no  means  proves  that  the  end  is  reached,  and,  indeed, 
the  outlook  for  special  ferrous  aUoys,  such  as  those  already  mentioned 
and  many  more  as  yet  undiscovered,  is  as  wide  as  the  future. 
Moreover,  there  are  millions  of  tons  of  titaniferous  iron  ores  not  now 
available  that  are  certain  to  be  utilized  by  processes  now  unknown. 

THE  EZTBACTION  AND  TJTILIZATION  OF  COPPEB. 

Next  to  the  metallurgy  of  iron,  that  of  copper  has  probably  been 
the  most  developed.  Losses  in  mining  and  ore  dressing  are  large, 
however,  particularly  in  the  concentration  of  some  of  the  low-grade 

•  Butler,  B.  B.,  Min.  World,  vol.  36,  Oct  28,  WU,  p.  864;  Chem.  Abs.,  vol.  6, 1912,  p.  800. 
42750  ^— Bull.  47—12 3 
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ores,  in  which  heavy  metal  or  sulphide  minerals  are  mixed  with  the 
lighter  oxides  or  carbonates.  In  dressing  these  ores,  a  loss  of  30  to  40 
per  cent  in  the  taihngs  is  by  no  means  rare.  There  have  been  great 
advances  in  smelting,  however,  as  well  as  in  the  utilization  of  ores  of 
such  low  grade  that  their  successful  exploitation  10  years  ago  would 
have  been  deemed  impossible. 

The  fact  is  that  some  bodies  of  low-grade  ores  are  proving  more 
profitable  to  work,  because  of  their  size,  than  some  high-grade  ore- 
bodies,  and  hence  the  cost  of  the  metal  has  not  increased,  as  might  have 
been  anticipated.  Indeed,  although  our  production  of  copper  has 
increased  about  1,000  per  cent  in  the  last  25  years,  the  annual  output 
Bs  well  as  the  annual  consumption  is  still  increasing,  and  prices  are 
lower  than  they  were  a  few  yenTs  ago,  owing  to  the  greater  efficiency 
of  method  and  the  utiUzation  of  deposits  formerly  supposed  to  be 
worthless.  Immense  deposits  of  ore  yielcUng  less  than  2  per  cent  of 
metal  are  worked  with  steam  shovels,  and  the  ore  is  concentrated  in 
mills  capable  of  handUng  some  20.000  tons  per  day,  and  is  smelted  by 
methods  far  more  efficient  than  formerly.  Furthermore,  it  is  bessemer- 
ized  in  basic-lined  converters  capable  of  handfing  tliree  times  the  charge 
of  the  old  acid  form,  and  having  a  life  many  hundred  per  cent  greater. 
These  low-grade  deposits,  instead  of  causing  an  increase  in  the  price 
of  copper,  are  really  forcing  some  of  the  high-grade  mines  to  struggle 
for  a  continued  existence.  In  spite  of  all  this,  it  is  doubtful  whether 
there  is  any  branch  of  metallurgy  that  would  respond  more  quickly  to 
scientific  research  by  well-trained  men,  if  they  were  not  forced  always 
to  keep  the  immediate  output  in  mind,  than  the  metallurgy  of  copper. 
Just  what  fines  these  advances  will  follow,  it  is  impossible  to  predict, 
but  almost  inestimable  losses  of  sulphur,  arsenic,  bismuth,  etc.,  are 
now  taking  place  in  the  flue  dusts  and  flue  gases,  and  there  can  be 
Uttle  doubt  that  these  will  be  controlled  in  time.  Electrolytic  or 
electrothermal  methods,  accompanied  by  leaching,  may  yet  produce 
the  copper  more  cheaply  direct  from  the  ores,  and  more  efficient 
concentration  is  certain  to  come. 

RECOVERY  OF  COPPER  FROM  SCRAP. 

Here,  the  junk  dealer  is  porforming  an  especially  important  service, 
for  all  scrap  containing  copper  is  eagerly  sought,  and  the  copper 
removed.  Copper-wire  scrap  by  the  thousands  of  tons  is  annuaUy 
gathered,  the  insulation,  if  present,  burned  off,  and  the  whole  simply 
remelted,  poled,  and  cast  again  into  wire,  or  into  bars  or  ingots  for 
redrawing.  Brass,  bronze,  coppered  tin,  etc.,  of  unknown  composi- 
tion, when  gathered  together  in  endless  variety  of  kind,  such  as 
bases  of  electric  lamps,  brass  and  copper  turnings  and  shavings, 
cartridge  shells,  broken  and  battered  household  goods,  old  pipe,  brass 
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tinsel,  molding  sand  from  brass  foundries,  concentrates  of  ashes 
from  brass  furnaces,  copper  paint  sludge,  and  flue  dust,  much  of  the 
miscellaneous  collection  being  briquetted,  is  treated  direct  in  a  copper 
blast  furnace.  From  this  furnace  is  produced  an  impure  alloy  con- 
taining about  86  per  cent  copper,  which  goes  to  the  blister  furnace  to  be 
cast  direct  into  anodes  or  is  sent  to  a  refining  furnace  to  make  casting 
copper-  In  the  smelting  the  zinc,  iron,  nickel,  tin,  antimony,  and  lead 
present  are  entirely  lost,  either  in  the  fume  or  in  the  slag.  Practically 
all  copper-bearing  junk  is  treated  in.  this  manner,  except  for  what 
medium-grade  material  is  added  directly  to  the  reverberatories. 
When  trimmings  or  turnings  of  some  special  alloy  of  known  composi- 
tion are  obtained  in  sufficient  quantity,  they  are  usually  remelted 
direct  with  more  fresh  material  of  the  same  composition,  generally 
for  reuse  iu  the  same  works,  or  the  same  class  of  works,  from  wliich 
they  were  derived,  although  this  kind  of  material,  in  a  sense,  does 
not  deserve  to  be  classed  as  junk  at  all.  However,  a  single  smelter 
near  New  York  recovers  as  much  as  10,000,000  pounds  of  copper  a 
year  from  true  junk,  and  many  other  works  throughout  the  country 
are  resmelting  such  material. 

PBODITCTION  OF  NICKEL  AND  COBALT. 

Nearly  all  of  the  nickel  used  in  the  United  States  is  imported  from 
Canada.  Large  quantities  of  this  metal  are,  however,  known  to 
exist  in  Idaho,  and  an  immense  deposit  *  of  a  low-grade,  hydrous 
nickel-magnesium  sihcate  occurs  at  Webster,  N.  C.  The  latter 
deposit  contains  miUions  of  tons,  but  owing  to  its  low-grade  char- 
acter no  method  of  economically  working  the  material  has  yet 
been  found.  Of  course,  the  sam6  statement  was  true  of  similar  ores 
of  copper  ten  years  ago,  but  this  nickel  ore  has  the  disadvantage 
that  it  is  not  amenable  to  ordinary  methods  of  gravity  concen- 
tration. A  few  tons  of  nickel  is  made  from  the  nickel  that  accu- 
mulates in  the  electrolyte  of  copper  refineries  and  one  smelter  in 
the  Northwest  is  producing  some  metal.  The  larger  part  of  the 
output  is  understood  to  be  now  used  in  the  form  of  monel  metal,  an 
alloy  obtained  direct  from  the  ore  and  in  which  the  expense  of  first 
separating  pure  nickel  has  consequently  been  avoided.  The  use  of 
nickel  as  a  catalytic  agent  to  bring  about  the  absorption  of  hydrogen 
by  certain  oils  and  fats  has  recently  become  important,  as  valuable 
conmiercial  products  are  obtained. 

The  production  of  cobalt  in  the  United  States  is  a  problem  connected 
almost  solely  with  imported  Canadian  silver  ores  from  the  famous 
Cobalt,  Ontario,  district.     Cobalt  oxide  has  recently  much  decreased 

•  Hornsoa,  W.  L.,  Electric-fiiniace  treatment  of  nickel  ore  and  the  development  of  a  commercial  process. 
Ttus.  Amer.  £lec.  Chem.  Soc.,  vol.  20, 1911,  p.  316. 
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small  iron  articles  and  wire  with  this  iron-zinc  alloy  has  a  promising 
field  of  usefulness. 

Some  40,000,000  pounds  of  zinc  oxide  is  used  annually  for  a 
filUng  in  automobile  tires,  and  the  remainder  of  the  60,000  tons  now 
produced  annually  in  the  United  States  is  used  chiefly  in  paint.  In 
neither  instance  is  the  zinc  ever  recovered. 

WASTES    IN    BRASS   MANTLT^ACTURE. 

W.  H.  Bassett*  has  brought  out  very  clearly  the  great  losses  of 
zinc  in  modern  methods  of  brass  manufacture  and  states  that  there 
is  6  per  cent  of  the  zinc  present  lost  in  making  brass  castings  and 
probably  10  per  cent  loss  in  making  wrought  brass.  Brass  furnaces 
are  capable  of  great  improvement,  and  it  is  certain  that  special  forms 
of  furnaces  using  an  open  blast  cause  even  greater  losses  than  those 
above  mentioned.  A  careful  study  of  the  furnaces  melting  brass 
would  almost  certainly  produce  beneficial  results.  The  problem  is 
one  of  the  greatest  importance  in  the  conservation  of  waste  in  alloy 
manufacture. 

At  atmospheric  pressure  pure  zinc  boils  at  about  930°  F.  When 
zinc  is  diluted  with  copper  the  boiling  temperature  of  the  mixture 
is,  however,  much  higher.  In  present  practice  these  zinc  alloys  are 
melted,  either  in  crucibk^s  with  a  simple  charcoal  cover  or  in  open 
gas-fired  furnaces.  In  the  practically  open  containers  of  this  kind 
it  is  not  at  all  surprising  that  zinc  sublixncs  from  brass  or  other  alloys 
at  temperatures  even  below  its  melting  point,  for  the  vapor  pressure 
of  the  zinc  has  no  chance  of  ever  reaching  atmospheric  pressure, 
since  the  vapor  is  continually  carried  away  by  the  air  currents. 

The  solution  of  the  problem  of  eliminating  this  loss  is  undoubtedly 
the  use  of  a  closed  furnace  of  some  kind ;  an  electric  furnace  properly 
constructed  to  overcome  other  difficulties,  of  which  there  are  many, 
would  be  ideal.  The  cost  of  current  might  be  high,  but  other  advan- 
tages, such  as  large  units,  easy  stirring,  low  labor  cost,  noninter- 
mitteiit  firing,  and  saving  of  zinc,  would  probably  more  than  com- 
pensate. Every  theoretical  consideration  indicates  that  there  should 
be  a  great  field  for  the  electric  furnace  in  connection  with  zinc  alloys, 
and  that  with  its  use  the  present  great  losses  of  zinc  in  alloys  would 
be  largely  overcome.  Catching  the  zinc  oxide  from  the  present  form 
of  furnace  is  easy  with  modem  methods  of  dust  catching;  but  if  coal 
or  coke  be  used  the  oxide  caught  is  so  mixed  with  foreign  material 
as  to  be  worthless,  except  possibly  for  making  zinc  chloride  for  im- 
pregnating timber.  By  substituting  petroleum  or  producer  gas  in 
firing,  the  recovery  of  the  zinc  oxide  would  probably  even  now  pay 
commercially,  but  the  problem  of  preventing  its  formation  would 
seem  to  be  even  simpler. 
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In  brass  jDaanufacture  large  quantities  of  clean  scrap  of  known 
composition  are  directly  rejnelted,  with  the  addition  of  spelter  to 
niake  up  for  that  which  is  carried  oflf  in  the  flues.  It  is  estixuated 
that  7,500  pounds  of  zinc  are  passing  into  the  atmosphere  daily  in 
the  form  of  zinc  oxide  from  the  stacks  of  the  brass-casting  shops  in 
Waterbury,  Conn.,  alone.  Dirty  scrap,  as  well  as  the  concentrates 
from  the  ashes  of  crucible  furnaces  and  from  molders'  sand,  are 
generally  worked  up  as  previously  described  in  the  recovery  of 
copper,  the  zinc  contained,  roughly  estimated  as  over  2,000,000 
pounds  per  year,  being  a  total  loss. 

As  already  indicated,  there  is  no  broader  field  for  research  or  one 
that  offers  more  to  the  cause  of  conservation  than  zinc  losses  and 
their  prevention. 

CONSEBVATION  OF  GOLD  AND   SELVEB. 

The  high  value  of  gold  and  silver  has  not  only  been  a  natural 
incentive  for  the  conservation  of  those  metals,  but  has  made  profit- 
able the  recovery  of  all  waste  in  their  production.  The  cyanide 
process  for  dissolving  gold  gives  a  very  high  recovery  and  has  largely 
Superseded  chlorination.  Wherever  lead  or  copper  smelters  are 
available  the  ores,  unless  of  unusual  richness,  are  simply  smelted 
with  the  lead  or  copper  ores.  The  silver  and  the  gold  are  recovered 
from  the  lead  by  the  Parkes  process  and  from  the  copper  through 
the  residues  from  the  electrolytic  refining.  The  dor6  obtained  is 
almost  always  refined  electrolytically  with  some  recovery  of  plati- 
num and  palladium  from  the  electrolyte. 

Gold  and  silver  are  being  gradually  accumulated  in  the  world's 
stock.  Scrap  metal  is  gathered  from  the  large  manufacturing  ftrms, 
and  even  the  sweepings  from  small  jewlers'  shops  are  saved.  Sweep- 
ings are  also  collected  from  dental  houses.  These  so-called  sweepings 
are  generally  hand  sorted,  platinum  residues  going  to  platinum 
refiners.  The  more  valuable  portion  of  the  silver  and  gold  scrap  is 
melted  with  copper  into  bars  and  sold  to  the  refiners  on  an  assay 
basis.  The  bars  are  then  ca3t  into  small  anodes  and  the  copper  is 
separated  electrolytically,  the  gold  and  silver  going  into  the  sludge 
to  be  treated  in  the  regular  manner.  The  copper  anodes  produced 
are  always  remelted  and  passed  to  the  regular  copper  refinery,  this 
double  refining  being  commercially  profitable  on  account  of  the 
quick  recovery  of  the  major  part  of  the  gold  and  sUver,  and  the  con- 
sequent lessening  of  interest  charges.  The  poorer  quality  of  scrap 
is  broken  up  in  ball  mills  to  a  fine  powder  so  as  to  be  readily  sampled, 
and  this  class  of  ''sweeps"  is  briquetted  with  a  lime  binder  and  is 
used  as  a  part  of  the  charge  of  a  lead  or  a  copper  blast  or  shaft 
furnace. 
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NEED  OF  PLATINUM  AND  PATiTiADIUM. 

Every  effort  should  be  made  to  search  systematically  for  platinum 
in  the  placer  and  ore  deposits  of  the  western  States,  for  the  demand 
has  greatly  increased.  Owing  to  the  popular  craze  for  platinum  in 
jewelry  and  owing  to  its  use  in  dentistry  the  price  of  this  metal, 
which  is  now  absolutely  essential  to  scientific  research,  has  trebled 
in  recent  years.  One  producing  company  is  now  obtaining  each 
month  about  150  ounces  of  mixed  platinum  palladium,  which  con- 
tains about  120  ounces  of  palladium.  The  metal  is  being  saved  in 
the  refining  plants,  although  as  a  rule  smelters  do  not  as  y-et  allow 
anything  for  it  in  ores. 

Platinum  is  being  sought  more  and  more  in  the  West.  The 
Rambler  mine,  which  was  supposed  to  be  worked  out,  has  seemingly 
struck  ore  again.  This  ore  formerly  carried  about  $14  worth  of 
platinum  per  ton. 

Palladium  is  used  in  jewelry  and  also  in  making  the  dividing 
scales  of  delicate  astronomical  instruments.  Its  price  per  ounce  is 
about  the  same  as  that  of  platinum,  but  palladium  has  the  advantage 
of  lower  specific  gravity. 

Platinum  is  being  conserved  by  the  substitution  of  a  wire  of  nickel- 
chromium  aUoy  covered  with  platinum  for  the  entrance  wire  of 
electric-lamp  bulbs.  This  alloy  is  also  being  used  for  other  purposes 
for  which  pure  platinum  was  formerly  used.  Also  it  is  probable  that 
the  alloy  developed  by  S.  W.  Parr,*  which  is  extremely  resistant  both 
to  heat  and  acids,  will  find  application  in  calorimeter  bombs  and  for 
other  purposes  for  which  platinum  is  now  required. 

MAINTAINING  THE   SITPPLY  OP  TIN. 

Although  this  country  leads  the  world  in  the  production  of  many 
of  the  important  metals,  an  output  of  tin  has  been  singularly  lacking. 
There  is  some  indication  that  Alaskan  deposits  may  add  to  our 
resources  of  this  metal,  and  it  is  possible  that  a  considerable  output 
may  yet  come  from  Texas  and  South  Dakota  mines. 

Tin  is  a  comparatively  high-priced  metal,  and  a  domestic  source 
of  supply  is  greatly  needed.  In  spite  of  the  detinning  recovery 
processes  a  large  quantity  of  the  tin  produced  each  year  is  lost. 
However,  great  advances  have  already  been  made  in  recovering 
used  tin,  and  the  tin  drosses  of  our  tin-plate  manufacturers  are  now 
largely  resmelted  both  in  reverberatory  and  in  special  electric  furnaces. 
Indeed,  waste  heaps  of  dross  from  former  yeara  have  been  carefully 
reworked.  One  company  that  has  buildings  standing  on  old  accumu- 
lations of  dross  has  seriously  considered  tearing  down  the  buildings 
in  order  to  recover  the  tin  in  the  former  waste. 
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Four  detinning  processes  are  at  present  in  use  in  America.  All 
work  over  tin  scrap  and  clippings  incident  to  the  manufacture  of  tin- 
ware and  none,  in  spite  of  a  popular  belief,  at  the  present  time  recovers 
any  large  amount  of  metal  from  old  tin  cans.  Tin  scrap  to  the 
amount  of  about  150  tons  per  day  is  treated  in  this  country  with  a 
recovery  of  1.5  to  1.75  per  cent  of  tin.  One  company  dissolves 
the  tin  from  the  scrap  with  stannic  chloride  and  another  with  sodium 
hydroxide,  but  both  recover  the  metaUic  tin  electrolytically.  A 
third  company  produces  stannic  chloride  by  dissolving  the  tin  with 
liquid  chlorine,  and  a  fourth  produces  tin  oxide,  possibly  by  elec- 
trolyzing  the  metal  in  a  bath  containing  sodium  nitrate. 

The  obtaining  of  tin  from  tin  cans  is  so  complicated  by  the  expense 
of  gathering  the  cans,  dissolving  off  the  solder,  and  of  removing  the 
detinning  agent  from  the  irregularly  crushed  metal  that  it  has 
seemingly  not  proved  a  commercial  success.  However,  large  quan- 
tities of  tin  cans  are  collected  from  city  dumps  and  are  remelted  to 
an  impure  form  of  iron,  generally  used  for  sash  weights  in  so-called 
sash-weight  factories,  which  use  not  only  scrap  tin  but  also  scrap 
galvanized  iron  without  attempting  to  remove  the  tin  or  zinc,  a 
process  that  would  be  necessary  if  this  iron  were  to  be  used  in  the 
open  hearth.  However,  most  of  the  zinc  or  tin  present  passes  off 
by  the  stack  or  in  the  slag.  There  appears  to  be  about  2  per  cent 
of  tin  on  fresh  tin  scrap,  but  only  about  an  average  of  1.25  per  cent 
on  old  tin  cans. 

THE  WASTE  OF  CADMIUM. 

As  western  spelter  contains  an  average  of  over  0.3  of  1  per  cent  of 
cadmium  and  as  there  was  230,169  tons  of  this  spelter  produced  in 
1910**  there  was,  accordingly,  over  700  tons  of  cadmium  sold  as  an 
impurity  in  zinc  in  that  year.  Cadmium  is  easily  distilled  fractionally 
from  zinc,  in  which  it  is  an  undesirable  impurity,  especially  if  tlie 
zinc  is  to  be  used  for  the  manufacture  of  lithophone.  Flue  dust 
from  coal-fired  brass  furnaces  carries  about  1.25  to  1.5  per  cent  of 
cadmium,  which  is  about  5.5  per  cent  of  the  zinc  actually  present. 
On  this  basis  there  is  some  400  pounds  of  cadmium  lost  each  day 
from  the  flues  of  the  brass  works  of  Waterbury,  Conn. 

The  United  States  imported  4,000  pounds  of  cadmium  in  1910 
and  produced  about  5,300  pounds,  the  price  varpng  from  60  to  70 
cents  per  pound.  It  is  reported  that  furnaces  capable  of  producing 
1,000  pounds  a  month  are  about  ready  to  operate.  New  uses  for 
cadmium  are  desired.  At  present  its  chief  use  is  in  glass  manufacture 
and  as  a  constituent  of  easily  fusible  alloys.  It  has  also  found 
application  as  a  constituent  of  a  silver-cadmium  plating  alloy. 
If  cheaper,  it  could  be  used  extensively  as  a  yellow  pigment.     Cad- 

•  Siebenthal,  0.  £.,  Mineral  Resources  U.  S.  lor  1910,  U.  S.  Geol.  Survey,  1911,  p.  264. 
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mium  sulphide  is  said  to  have  been  used  formerly  instead  of  lead 
chromate  as  a  yellow  paint  for  horse  cars,  its  use  being  necessary 
because  the  cars  were  kept  in  horse  bams,  where  hydrogen  sulphide 
blackened  the  chromate.  Now  that  trolley  cars  have  replaced  horse 
cars,  the  cheaper  lead  chromate  can  be  used  to  paint  cars  yellow. 

THE  LOSSES  OF  LEAD. 

Van  Ilise  states  that  the  losses  of  lead  are  15  to  20  per  cent  in 
mining,  15  per  cent  in  concentration,  and  15  to  20  percent  in  smelting. 
A  large  part  of  the  lead  mined  is  apphed  to  uses  that  prevent  its 
recovery;  namely,  as  a  pigment  and  as  a  filler  for  rubber.  Perhaps 
30,000,000  pounds  of  lead  carbonate  was  used  as  a  filling  for  rubber 
goods  during  the  past  year. 

NEED  OF  CHEAPEB  METHODS  OF  OBTAINING  ALUKINTntf. 

Twenty  years  ago  aluminum  sold  for  $5  a  pound;  to-day  it  can  be 
bought  for  less  than  20  cents  and  still  is- obtained  from  only  one  ore, 
bauxite,  the  deposits  of  which,  although  far  from  inexhaustible,  are 
much  more  extensive  than  generally  supposed.  Though  bauxite 
is  still  cheap  *  and  is  reasonably  available,  there  is  great  need  of  a 
method  that  will  cheaply  convert  it  or  some  other  material  into  pure 
aluminum  oxide,  since  pure  alumina,  free  from  iron  and  silica 
and  ready  for  the  electrolyte,  now  sells  for  about  $60  per  ton. 
Bauxite  has  many  other  uses  and  is  needed  for  the  manufacture  of 
alum  and  aluminum  salts  in  the  chemical  industries,  also  for  making 
refractory  and  abrasive  materials. 

In  the  manufacture  of  aluminum  one  of  the  chief  items  of  expense 
is  the  preparation,  from  bauxite,  of  alumina  free  from  iron  and  silica. 
Extensive  deposits  of  true  halloysite  on  the  eastern  slope  of  Taylor^s 
Mountain,  5  miles  north  of  Gore,  Ga.,  are  now  being  exploited;  large 
deposits  of  the  mineral  are  also  known  to  exist  in  Indiana.*  Halloy- 
site contains  30  to  35  per  cent  of  alumina  that  is  claimed  to  be  soluble 
in  dilute  sulphuric  acid  and  to  form  a  clear  white  alum  cake  almost 
entirely  free  from  botli  iron  and  siUca.  There  seems  to  be  no  good 
reason  when  these  facts  become  more  generally  known  why  methods 
can  not  be  devised  to  obtain  pure  alumina  cheaply  from  this  source. 

Any  method  for  producing  aluminum  cheaply  from  clay  would  be 
of  inestimable  advantage.  Several  new  patents  have  recently  been 
issued  and  experiments  are  under  way  in  tliis  country  which  give 
some  promise  of  success.  The  possibihty  of  concentrating  bauxite 
when  mixed  with  clay  has  been  little  studied.     There  are  known  to 

a  W.  C.  rhalen  presents  figures  showing  that  the  production  of  bauxite  in  the  United  States  in  1910 
amounted  to  143,932  tons  valued  at  $71G,258,  or  $4.81  a  ton.  (Mineral  Resources  U.  S.  for  1910,  U.  S.  OeoU 
Survey,  1911,  p.  713.) 

^  Indiana  Dept.  Geol.  and  Nat.  Res.,  29Ul  Ann.  Rept.,  1904,  pp.  54-^  and  388-393. 
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be  considerable  deposits  in  central  Georgia  that  may  pay  for  further 
exploitation.  The  consumption  of  aluminum  has  grown  from  S3 
pounds  in  1883  to  47,734,000  in  1910."  Both  the  metal  and  its 
alloys  are  finding  new  appUcations  daily. 

ANTIMONY  AND  ITS  USES. 

Some  losses  of  antimony  are  taking  place  from  the  flues  of  our 
smelters,  but  the  amount  is  not  comparable  with  the  arsenic  given 
off.  Antimony  hthophones  are  stated  to  have  been  successful  in 
Germany.  The  oxide  itself  may  be  used  as  a  white  paint,  and  sodium 
metantimonate  is  a  valuable  constituent  of  enamels.  It  is  an 
important  constituent  of  bath-tub  enamels,  replacing  to  a  consider- 
able extent  the  more  costly  tin  oxide.  Its  use  in  enamels  placed  on 
cooking  utensils  is  forbidden  abroad,  but  so  far  these  enamels  have 
not  been  widely  prohibited  in  the  United  States.  Antimony  is  an 
essential  constituent  of  some  of  the  most  important  alloys,  especially 
type  and  stereotype  metal  and  the  bearing  metals.  Type  metal 
for  the  main  part  derives  its  antimony  from  antimonial  lead.  Babbitt 
metal  is  supposed  to  be  made  by  mixing  pure  antimony,  because  all 
antimonial  lead  contains  deleterious  arsenic,  but  doubtless  large 
quantities  of  the  antimonial  lead  are  frequently  used.  An  aHoy  of 
pure  antimony  with  lead  is  now  being  used  in  the  form  of  pipe  and 
tubing  as  a  conduit  for  carrying  telephone  and  telegraph  wires. 
This  alloy  may  entirely  displace  the  old  lead-tin  compound.  The 
United  States  produces  Uttle  pure  antimony,  although  the  Arkansas 
mines  are  again  being  opened. 

THE   PBODITCTION  OF  BISMUTH. 

The  uses  of  bismuth  are  growing  and  if  the  metal  could  be  obtained 
more  cheaply,  these  uses  would  be  greatly  increased.  Inquiries  liave 
recently  been  made  for  alloys  of  bismuth  and  lead  which  were  wanted 
by  the  ton  if  they  could  be  had  at  a  low  enough  price.  Large  quan- 
tities of  bismuth  are  being  wasted  in  this  country.  Probably  4,000 
pounds  per  day  is  going  out  of  the  stacks  of  the  smelters  in  the  Western 
States,  and  it  is  understood  that  one  or  two  smelting  companies  are 
already  installing  processes  for  obtaining  the  metal  and  placing 
greater  amounts  of  it  on  the  American  market.  In  1911  nearly  tliree- 
fourths  of  the  domestic  consumption  was  imported.  Bismuth  is  not  a 
desirable  constituent  in  lead,  and  it  must  be  separated  from  lead  that 
is  to  be  used  for  many  purposes.  Tlie  bismuth  now  produced  in  this 
country  is  obtained  as  a  by-product  in  refining  lead.  Tlie  lead  is 
melted  and  allowed  to  crystallize,  and  the  mother  Uquors  become 
richer  and  richer  in  bismuth.  Finally  these  mother  hquors  are  refined 
electrolytically  and  the  bismuth  is  recovered  from  the  sUmes. 

a  Fbalen,  W.  C  ,  Ktneral  Resotirces  U.  S.  for  1910,  U.  S.  Oeol.  Survey,  1911,  p.  717. 
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NEW  USES  FOB  TCTNGSTEN,  VANADIUM,  MOLYBDENUM,  AND 

TITANIUM. 

Among  the  comparatively  rare  elements  that  are  becoming  more 
and  more  prominent  in  industry  may  be  mentioned  tungsten,  the  ores 
of  wluch  to  the  extent  of  some  6,000  tons  per  annum  are  now  mined 
and  treated  for  use  cliiefly  in  the  production  of  tungsten-chrome  steel 
and  the  filaments  of  electric  lamps.  A  moderate  quantity  of  the 
metal  is  now  being  obtained  from  Colorado  ores. 

Tliere  seem  to  be  opportunities  in  the  metallurgy  of  pure  tungsten 
wliich  have  not  yet  been  completely  developed.  A  few  years  ago 
tungsten  was  regarded  as  unobtainable  except  as  a  brittle  metal,  but 
by  one  of  the  most  remarkable  of  the  many  investigations  dealing 
with  the  application  of  science  to  industry  the  pure  metal,  although 
melting  at  a  temperature  above  3,100°  C,  is  now  being  drawn  into 
vnvc  and  molded  into  forms.  More  than  a  million  feet  a  dav  of  such 
wire  is  being  drawn  in  this  country  for  electric  lamps,  and  hanunered 
pieces  of  the  metal  are  being  utilized  for  the  targets  of  unusually 
effective  Crookes  tubes  for  production  of  the  X-ray.  Tungsten  rib- 
bon is  used  in  electric  resistance  furnaces  in  an  atmosphere  of  hydro- 
gen to  produce  temperatures  heretofore  impossible,  except  in  the 
electric  arc.     Tlie  development  of  other  uses  for  the  metal  is  certain. 

Vanadium  is  employed  in  the  preparation  of  vanadium  steel,  which 
is  supposed  to  have  special  toughness  and  resistance  to  shock.  Tliis 
element  when  added  with  chromium  to  steel  can  replace  tungsten  for 
the  manufacture  of  tools  capable  of  cutting  when  hot.  Much  less 
vanadium  is  required  than  tungsten,  but  because  of  price  there  is  no 
present  prospect  of  vanadium  replacing  tungsten  for  tliis  use. 

Vanadium  ores  occur  in  some  quantity  in  Colorado  and  other  parts 
of  the  West,  but  the  known  deposits  there  probably  can  not  with- 
stand strong  competition,  if  such  should  develop,  from  the  ores 
obtained  in  Peru,  which  are  of  very  much  higher  grade  and  are  found 
in  that  country  in  seemingly  great  quantities  in  one  particular 
deposit. 

Tlie  preparation  of  ferrovanadium  is  comparatively  simple  and  the 
metho(ls  used  are  essentially  the  same  as  one  used  in  the  preparation 
of  forrotungsten.  Although  little  information  is  at  hand  in  regard  to 
the  methods  for  the  preparation  of  ferrovanadium,  the  separation  of 
the  metal  from  the  ores  probably  comprises  treatment  with  sulphuric 
acid,  evaporation  of  the  solution,  ignition,  and  reduction  of  the  con- 
centrate \vii\i  the  mixture  of  iron:  oxide  and  aluminum  known  as  ther- 
mite. 

In  Maine  and  in  the  West  occur  large  molybdenite  deposits  wliich 
have  been  useless  for  the  reason  that  methods  of  separating  tliis  min- 
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eral  from  the  gangue  have  not  been  successful  until  recently.  Molyb- 
denite in  this  country  generally  occurs  disseminated  in  small  parti- 
des  through  a  large  amount  of  siliceous  material,  from  which  it  must 
be  separated  before  chemical  treatment.  Accordingly,  the  only 
molybdenum  used  has  been  derived  from  imported  molybdenite, 
chiefly  from  AustraUa  and  Ceylon,  and  more  recently  from  Canada, 
in  which  countries  masses  of  some  size  can  be  picked  from  the  gangue 
by  hand.  Manufacturers  have  been  willing  to  pay  as  liigh  as  $700 
per  ton  for  small  lots  of  good  hand-sorted  molybdenite,  but  the  market 
has  not  been  extensive.  Two  new  methods,  one  a  flotation  method 
anfl  the  other  an  electrostatic  method,  are  now  advocated  for  sepa- 
ration of  the  material,  giving  grounds  for  hope  that  American  deposits 
of  this  mineral  may  soon  be  utilized. 

Molybdenum  has  almost  exactly  the  same  effect  on  steel  as  has 
tungsten,  and  5  parts  by  weight  of  molybdenum  can  replace  approx- 
imately 18  parts  of  tungsten,  but  it  is  not  used  extensively  in  steel 
because  tungsten  is  cheaper,  and  especially  because  molybdenum  has 
the  disadvantage  of  volatilixing  out  of  steel  rather  easily  even  under 
the  blacksmith's  hammer.  There  seems  to  be  httle  prospect  that  it 
TR-iU  replace  tungsten  in  ferroalloys,  but  there  is  a  considerable  demand 
for  its  salts  in  chemical  laboratories  and  in  certain  blue  pigments  used 
in  the  manufacture  of  porcelain  and  for  dyeing  silks  and  woolens.  It 
is  of  special  value  in  steel  used  in  the  manufacture  of  permanent 
magnets.  It  can  be  obtained  in  the  form  of  ribbon  for  electrical  heat- 
ing purposes.  On  account  of  its  ductility  and  high  melting  point  it  is 
used  as  a  support  for  the  tungsten  wire  in  incandescent  electric  lamps. 

There  is  a  growing  demand  for  the  mineral  rutUe,  from  which 
titanium  is  most  readily  prepared.  The  uses  of  tliis  metal  have 
greatly  increased  in  the  last  few  years.  In  its  alloy  with  iron  it  is 
now  used  in  practically  all  rails  made  of  Bessemer  steel,  its  function 
seeming  to  be  to  deoxidize  and  to  denitrogenize  the  ingot  so  that  the 
rails  are  sounder  and  stronger.  There  is  also  a  considerable  demand 
for  the  preparation  of  titanium  carbide  to  be  used  in  arc  lamps  of 
exceptionally  high  efiiciency. 

Inunense  quantities  of  titanium  occur  in  this  country  in  the  form  of 
titaniferous  magnetites,  many  deposits  of  which  are  now  next  to 
useless  as  iron  ores  on  account  of  the  titanium  content.  Some  of 
these  ores  may  perhaps  be  used  in  the  manufacture  of  ferroalloys,  but 
they  are  not  used  as  yet  for  the  making  of  the  pure  metal.  Titanium 
is  so  widely  distributed  that  it  can  be  found  in  most  rocks,  although 
only  in  traces  in  some.  In  practically  aU  secondary  kaolins  the  ele- 
ment is  a  real  nuisance  on  account  of  the  yellow  color  it  gives  to  wai-es. 
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POSSIBLE   SOURCES  OF  RADIUM. 

Radium  is  of  value  in  the  treatment  of  certain  diseases  and  a  larger 
supply  is  greatly  desired  by  the  medical  fraternity.  Foreign  govern- 
ments have  undertaken  its  production,  but  nothing  has  been  done  in 
the  United  States,  although  two  companies  are  now  experimenting 
on  its  production.  Large  deposits  of  camotite,  a  low-grade  uranium 
ore,  occur  in  Colorado,  others  have  recently  been  found  in  Oregon, 
and  there  is  ever}''  reason  to  suppose  that  exploitation  of  two  mines 
known  to  contain  pitchblende  would  produce  an  output  of  this  won- 
derful but  very  rare  substance.  Investigations  of  methods  of  mining 
and  concentrating  the  ore  and  of  recovering  the  substance  might 
well  be  imdertaken  with  the  hope  of  improving  these  methods  and 
of  increasing  the  stock  of  tliis  truly  marvelous  substance.  Tlie  price 
of  radium  is  now  about  SSO  per  milUgram  of  2,000,000  power.  The 
production  in  1910  was  1.92  grams,  wliich  sold  for  about  $150,000.** 

NEED  OF  NEW  ALLOYS. 

No  field  for  investigation  oflFers  more  promising  returns  at  tlie  pres- 
ent time  than  that  including  a  continued  study  of  the  properties  of 
various  known  alloys  and  a  search  for  new  alloys  for  specific  purposes. 
This  fact  has  been  clearly  brought  out  in  articles  by  W.  H.  Bassettj'^by 
W.  R.  WTiitney,^  and  by  numerous  publications  of  the  American 
Society  of  Mechanical  Engineers,  the  i\jnerican  Institute  of  Metals, 
the  Institute  of  Metals  of  Great  Britain,  and  the  National  Physical 
Laboratory  of  England.  Wonderful  results  with  reference  to  the 
ferrous  alloys  have  already  been  attained,  but  work  on  the  nonferrous 
alloys  has  not  received  so  much  scientific  attention.  The  effect  of 
comparatively  few  elements  on  brass,  for  instance,  is*  known  except 
of  those,  such  as  iron,  wliich  have  a  strikingly  deleterious  effect. 

^Vlloy  manufacturers  have  found  out  through  sad  experience  some 
of  the  things  that  they  must  keep  out  of  their  alloys,  but  there  is  every 
reason  to  believe  that  the  addition  of  other  substances,  also  in  small 
proportions,  may  be  found  to  be  as  d(^sirable  in  the  making  of  alloj^s 
as  in  the  manufacture  of  steel.  If,  for  example,  there  could  bo  foimd 
some  substance  that  added  to  brass  would  greatly  retard  the  growth 
of  its  crj'stajs  so  that  the  cast  metal  would  have  a  finely  cr^'stalline 
rather  than  a  coarsely  crystalline  structure,  the  tensile  strength  of 
brass  could  certainly  be  increased  at  least  50  per  cent.  That  a  small 
proportion  of  copper  added  to  iron  almost  eliminates  the  corrosive 
effect  of  weak  acids  or  acid  salts  on  the  iron  was  discovered  a  short 
time  ago,  but  the  discovery  is  already  of  far-reaching  importance. 

a  Met.  and  C'lipin.  Ens.,  vol.  'j.  -Vi>r.I,  lUH,  p.  201. 

b  XwnI  of  si>rc'i;il  tilloys  for  spoci  il  pun>osc3.    Jour.  Ind.  and  Eng.  Chem.,  vol.  4, 1912,  p.  167. 

e  Alloys.    Chem.  Eng.,  vol.  14,  October,  11)11,  p.  397. 
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The  element  boron  has  only  recently  become  available  through  the 
researches  of  Weintraub,*  who  has  shown  that  the  addition  of  a  small 
proportion  greatly  increases  the  ease  and  perfection  with  which  copper 
castings  can  be  made.  Such  castings  can  now  be  obtained  having  a 
conductivity  formerly  impossible.  Other  instances  might  be  given, 
but  certainly  in  this  field  almost  nothing  is  known  compared  with  the 
results  that  intelligent  research  is  certain  to  bring  forth. 

THE  SEABCH  FOB  POTASH. 

At  present  the  United  States  is  more  dependent  upon  a  foreign 
country  for  potash  salts  than  for  any  other  one  commodity  except 
coal-tar  colors,  which,  like  potash,  come  almost  solely  from  Germany. 
The  pubhc  press  and  the  technical  journals  for  some  months  past 
have  contained  article  after  article  upon  the  subject.* 

In  combined  but  unfortunately  in  relativelj^  insoluble  form  there 
are  unlimited  supplies  of  potash  in  this  country.  Because  no  methods 
are  known  for  economically  obtaining  the  potash  we  are  obliged  to 
import  from  Germany  about  $15,000,000  worth  each  year.  Potash 
is  absolutely  essential,  and  unless  methods  can  be  found  for  obtaining 
it  from  domestic  supplies,  we  shall  be  obliged  to  continue  to  purchase 
it  from  Germany  at  a  price  at  least  400  per  cent  more  than  the  cost  of 
deliverv  in  New  York. 

The  feldspars  in  the  granite,  as  well  as  in  the  dikes  or  veins  of 
pegmatite  in  this  country,  contain  billions  of  tons  of  potash;  the  rocks 
of  the  leucite  hills  of  Wyoming  carry  over  8  per  cent;  the  alunite 
Teinsof  the  West  contain  some  10  per  cent;  and  the  giant  kelps  on  the 
seacoast  of  California  annually  gather  within  their  structure  an  amount 
of  the  valuable  chloride  that  from  analyses  and  estimates  seems  to 
exceed  8,000,000  tons.  Yet  in  spite  of  the  immense  quantities  of 
potash  within  the  United  States  no  method  for  producing  the  sub- 
stance in  quantity  is  yet  developed. 

The  soluble  potash  of  the  German  deposits,  which  are  mainly  in 
the  region  around  Stassfurt,  was  gathered  together  by  nature  in 
enormous  quantity  in  the  bed  of  an  ancient  inland  sea  from  which  the 
sunplies  are  now  drawn.  The  material  is  in  soluble  form,  and  needs 
simply  to  be  mined,  being  sold  either  without  other  treatment  than 
suTiple  grinding  or  after  having  been  concentrated  by  evaporation  and 
fractional  crystallization.  No  like  deposits  are  known  in  this  countr}'*, 
Jtlthough  if  a  large  number  5f  widely  separated  bore  holes  could  be 
sunk  in  selected  areas  it  is  by  no  means  improbable  that  beds  would 

c  Weintraub,  E.,  Preparation  ai\(l  properties  of  pure  boron.  Trans.  Am.  Elec.  Chem.  Soc.,  vol.  16, 1909, 
pp. lfi5-lS4. 

^  Cameron,  F.  K.,  Waste  and  oonserratlon  of  potash  and  phosphoric  acid.  Jour.  Ind.  and  Eng.  Chem., 
Tol.  4, 1912,  p.  IW;  MitcbeU,  G.  E.,  The  potash  search  In  America.  Rev.  of  Rev.,  January,  1912,  pp.  73-77; 
Butler,  B.  S.,  and  Oato,  H.  S.,  Alunite,  a  newly  discovered  deposit  near  Marysvale,  Utah.  U.  S.  Geol. 
Scr^-ey  Bull.  511, 1«1, 64  pp. 
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be  found.  The  ordinary  bitterns  from  our  '  salt  wells,  although 
invariably  containing  potash,  carry  too  small  a  quantity  to  pay  for 
evaporation.  Chemical  methods  have  been  proposed  for  treating 
our  feldspars,  and  one  or  two  of  these  have  some  prospects  of  a  limited 
success.  Moreover,  it  is  greatly  to  be  hoped  that  the  immense  masses 
of  seaweed,  referred  to  as  giant  kelps,  growing  upon  the  Pacific  coast 
may  be  utilized.  Their  dried  substance  carries  in  potash  and  iodine, 
according  to  D.  M.  Balch,*  who  first  described  them,  material  worth 
about  $20  per  ton.  Whether  this  material  can  be  profitably  extracted 
depends  solely  upon  the  cost  of  gathering  and  drying.  The  alunite 
deposits  could  certainly  be  worked  commercially  if  they  were  only- 
nearer  the  markets  for  their  products,  and  they  may  be  developed 
under  present  conditions.  There  is  also  a  possibility,  which  seems 
well  worth  thought  and  experiment,  that  no  little  potash  may  be 
obtained  as  a  by-product  in  cement  manufacture,  as  suggested  on 
page  39.  Authoritative  announcement  has  been  made  by  the 
United  States  Geological  Survey  of  the  discovery  of  deposits  of  potash 
in  the  brines  of  Searles  Lake,  San  Bernardino  County,  Cal.  These 
deposits  are  estimated  to  contain  4,000,000  to  10,000,000  tons  of 
potash.  The  discovery  is  of  the  utmost  importance  and  is  probably 
only  a  presage  of  the  future.  Confident  prediction  can  be  made  that 
in  time  this  country  will  be  able  to  produce  its  own  potash  supplies. 
How  soon  depends  largely  on  the  energy  and  money  expended  in  the 
necessary  investigations. 

WASTES  OF  BOCK  PHOSPHATE. 

The  fact  that  the  supplies  of  high-grade  phosphate  rock  within  our 
borders  are  sufficient  for  our  needs  for  many  hundreds  of  years  to 
come  is  no  good  reason  for  the  losses  that  are  still  taking  place  in 
Florida.  According  to  Cameron  the  tonnage  wasted  in  the  Florida 
pebble  field  is  two  or  three  times  the  tonnage  of  rock  saved,  mainly 
because  of  washing  away  of  fine  particles  by  the  water  used  to  mine 
and  clean  the  larger  aggregates.  In  the  Tennessee  field  the  wastes 
appear  to  be  fairly  well  in  hand  and  reduced  as  much  as  could  rea- 
sonably be  expected.  Mining  has  not  begun  to  any  extent  in  the 
immense  fields  of  Wyoming,  Montana,  Utah,  and  Idaho.  Exports 
of  this  material  are  falling  off  owing  to  competition  arising  from  the 
unusually  rich  deposits  that  have  been  discovered  on  Christmas 
Island  in  the  Pacific. 

WASTE  AND  BECOVEBY  OF  NTrBOGSX. 

Ages  ago  there  were  stored  up,  chiefly  through  the  influence  of 
plant  life,  immense  deposits  of  nitrogen.  Although  some  of  this 
nitrogen  may  have  been  brought  into  combination  by  means  of  electri- 

a  Jour.  Ind.  and  Eug.  Chem.,  vol.  1,  December,  1909,  p.  777. 
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eal  fixiiaiigies  tkrou^  Hie  atmosphere,  a  highly  probable  usnmptiooi 
is  that  Am  larger  portion  of  it  was  fixed  Ihrough  the  same  form  of 
liacterial  action  &at  is  now  known  to  take  place  in  the  tubercles  grow- 
ing upon  the  roots  of  the  LegumiriioasR.  Oertainlj  it  appetn  to  be 
true  that  the  500y000,000  tons,  more  or  less,  of  sodium  nitrate  that 
is  known  to  haTe  been  deposited  in  the  desert  of  Atacama,  Chile,  is 
probably  of  oi^anie  origin;  that  is,  animal  refuse  was  oxidized  acid 
the  nitrate  was  collected  imder  peculiar  conditions  of  high  tempera- 
tore  and  scanty  water  supply.  BitunxiHous  coal  contains  1  to  2  per 
cent  of  nitrogen,  a  small  fraction  of  which  can  be  recorered  by  proper 
nseibods.  From  these  sources,  except  for  the  comparatively  small 
amounts  that  hare  been  conserved  by  saving  animal  aod  plant 
refuse  and  returning  it  to  the  soil^  we  have  until  recently  drawn  our 
total  supply  of  nitrogen,  that  element  which  is  absc^tely  ossential 
for  both  plant  and  animal  food.  Our  explosives,  upon  which  depends 
our  whole  mineral  industry,  have  also  •necessitated  a  large  use  of 
nitrogen  obtained  from  isbe  €hile  deposits. 

Our  wastes  of  nitrogen,  worth  in  combined  form  about  15  cents 
per  pound,  are  afanost  inconeeivable,  and  no  calculation  can  give  us 
a  real  id«a  of  what  these  losses  mean.  Their  immensity  has  so 
impressed  the  human  mind  that  the  daily  press  for  years  has  contained 
article  after  article,  now  known  to  be  needlessly  alaiining,  in  regard 
to  the  starvation  of  man  through  the  inability  of  the  earth  to  support 
plant  life  on  account  of  a  coming  lack  of  nitrogen.  Two  million  six 
hundred  thousand  tons  of  sodium  nitrate  is  being  produced  each 
year  in  CShile,  a  rate  of  production  which  means  that  the  exhaustion 
of  these  deposits  is  probably  less  than  a  century  ahead. 

WASTE  or  THE   XrrROGEN   IX  COAL. 

Akhmi^  we  produeed  last  year  over  406,000,000  tons  of  bitu- 
minous coal,  we  recovered  only  $3,800,000  worth  of  the  $160,000,000 
worth  of  recoverable  nitrogen  contained  in  the  coal.  Of  course,  it  is 
entirely  impracticable  under  present  conditions  to  recover  as  ammonia 
att  of  the  nitrogen  that  might  be  obtained,  but  it  does  seem  most 
regretabie  that  of  63,000,000  tons  of  coal  converted  into  coke  in  1910, 
oantuning  $22,060,000  worth  of  recoverable  nitrogen,  only  about 
Qne-fliscth  was  treated  in  ovens  or  retorts  which  could  make  that 
rec9veiy  possUble.  The  rest  of  the  nitrogen  in  the  coal  went  off  as 
free  mtrogefn  in  the  air. 

Pennock,  in  an  excellent  article  on '  'Losses  of  combined  nitrogen,"^ 
states  that  between  1893,  when  the  first  by-product  coke  oven  was 
buSt  in  this  country,  at  Sjnracuse,  and  1910,  "the  coke  coked  in 
beehive  ovens,  wbrare  the  volatile  nitrogen  was  ruthlessly  wasted  in 

m  Penoock,  J.  D.,  Jour.  Ind.  and  Eng.  Chem.,  vol.  4, 1012,  p.  172. 
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firo;  amounted  to  about  810,000^000  tons.  Had  this  been  coked  in 
by-product  ovens  the  volatile  nitrogen  of  the  coal  would  have 
yielded  23  poimds  of  ammonium  sulphate  per  ton,  or  a  total  of 
9,315;000  tons,  which  at  $60  per  ton  would  have  had  a  value  of 
$558,900,000.  But  this  would  not  be  all.  Had  this  ammonia  been 
recovered,  it  would  have  been  used  on  the  soil  as  a  fertilizer,  and  the 
crops  would  have  been  increased  fully  20  per  cent  and  the  saving 
would  have  been  many  millions  more." 

It  certainly  is  startling  to  realize,  if  the  total  nitrogen  content  of 
bituminous  coal  is  taken  into  consideration,  that  last  year  we  saved  less 
than  $4,000,000  worth  of  combined  nitrogen  from  this  source,  whereas 
more  than  $2,000,000,000  worth  of  that  stored  up  for  us  ages  ago  was 
dissipated  into  the  atmosphere  in  the  uncombined  condition.  Of 
course,  the  recovery  of  even  10  per  cent  of  this  amount  is  with  present 
knowledge  impossible,  but  it  is  interesting  to  note  that  the  public 
and  the  manufacturers  themselves  are  being  aroused  to  the  loss,  that 
by-product  coke  ovens  are  being  employed  more  and  more,  and  that 
the  question  of  producing  combined  nitrogen  from  the  atmosphere 
is  making  a  real  beginning.  Here  again  Germany  shows  her  pre. 
eminence  in  chemical  economics,  as  four-fifths  of  all  her  coke  is  made 
in  by-product  ovens. 

FIXATION   AND  BECOVERT  OF  NITROGEN. 

As  an  offset  to  this  great  waste  of  nitrogen  there  are  at  present  five 
different  methods  for  bringing  this  element  into  combination,  and  a 
sixth  has  been  proposed.  Four,  and  perhaps  five,  of  these  processes 
have  already  reached  commercial  success,  but  the  tremendous  amount 
of  energy  at  present  required  for  their  prosecution  raises  an  effective 
barrier  against  ever  really  offsetting  the  wastes  that  are  taking  place. 

It  is  scarcely  necessary  to  present  details  of  the  processes  for 
obtaining  nitrogen  in  the  form  of  cyanamide  as  practised  at  Niagara 
Falls  and  abroad,  or  to  describe  the  processes  of  Birkeland  and  Eyde, 
of  Pauling,  or  of  Schoenhof  (Badische  Anilin  und  Sodafabrik  proc- 
ess) which  obtain  nitric  acid  from  the  air  by  means  of  the  high 
temperature  of  the  electric  arc,  and  absorb  the  acid  in  lime  to  be  sold 
as  calcium  nitrate;  or  to  repeat  the  published  statements  in  regard  to 
the  Serpek  patents  for  converting  kaolin  or  bauxite  into  nitrides  and 
then  into  ammonia,  or  in  regard  to  the  Haber  method  for  the  direct 
union  of  nitrogen  and  hydrogen  under  the  influence  of  pressure  and  a 
catalytic  agent. 

It  may  be  well  to  state  that  cyanamide  is  obtained  by  the  ac- 
tion of  nitrogen  on  calcium  carbide  heated  to  1,200^  C,  a  tempera- 
ture at  which  it  rapidly  absorbs  the  gas  and  forms  cyanamide.  It  is 
necessary,  however,  first  to  produce  calcium  carbide  and  to  obtain 
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purey  dry  nitrogen  free  from  oxygen,  which  is  done  by  liquefying  air. 
The  cost  of  these  operations  is  the  chief  limitation  of  the  process. 
It  is  true  that  there  are  now  large  wastes  of  almost  pure  nitrogen  from 
Ihe  carbonating  towers  of  soda  plants,  amounting  to  2,940  tons  per 
day,^  and  in  the  air  residues  in  the  production  of  sodium  peroxide^ 
but  these  wastes  are  not  yet  available  for  cyanamide  plants,  owing  to 
conditions  of  transportation  and  power. 

Of  the  three  processes  for  the  union  of  nitrogen  and  oxygen  at  the 
elevated  temperature  of  the  electric  arc  the  Birkeland  and  Eyde 
process  at  Notodden,  Norway,  has  been  so  far  the  most  successful 
perhaps  because  of  cheap  electric  power  and  the  use  of  many  large 
furnaces.  In  1910  the  Notodden  plant  utilized  some  50,000  kilo- 
watts of  electricity  throughout  the  year,  an  amount  that  has  prob- 
ably been  increased  to  200,000  kilowatts.  The  output  approximates 
70  grams  of  HNO,  per  kilowatt  hour.  The  furnace  has  the  great 
advatntage  of  being  capable  of  use  in  large  units,  some  of  which  are 
of  4,000  horsepower.  It  produces  nitric  acid  as  calcium  nitrate, 
which  commands  a  ready  market.  The  Pauling  process  is  being 
used  near  Brian^on,  France,  and  appears  to  Ji>e  in  successful  opera- 
tion. An  American  plant  using  this  process  has  recently  begun 
operations  at  Nitrolee,  S.  C.  The  Schoenhof  process  is  to  be  installed 
in  new  works  in  Norway,  together  with  the  Birkeland  and  Eyde 
process,  and  it  is  estimated  that  the  two  processes  will  shortly  be 
using  250,000  horsepower  in  that  country.  Even  this  tremendous 
expenditure  of  energy  can,  however,  supply  only  a  fraction  of  the 
world's  requirements  for  combined  nitrogen,  as  one  kilowatt  year  is 
required  to  produce  1  ton  of  13  per  cent  calcium  nitrate. 

The  success  of  the  above-named  processes  at  the  present  time  is 
dependent  almost  solely  on  the  factor  of  cheap  energy.  The  prin-  , 
dple  of  all  is  the  same,  namely,  the  utilization  of  the  intense  heat  of 
the  electric  arc  to  bring  about  a  reaction  between  nitrogen  and  oxy- 
gen and  the  quick  cooling  of  the  gases  in  order  that  the  reaction  may 
not  reverse  itself.  In  the  Birkeland  and  Eyde  process  the  electric 
arc  is  branched  out  by  means  of  an  electric  field;  in  the  Schoenhof 
process  a  similar  active  surface  is  obtained  by  producing  in  tubes 
long  arcs  up  to  22  feet  in  length.  In  the  Pauling  process  the  arc  is 
enlarged  by  means  of  a  blast  of  hot  air  under  pressure.  Patents 
recently  issued  in  Germany  indicate  that  an  entirely  new  method 
may  soon  be  used,  depending  upon  the  reaction  between  nitrogen 
and  hydrogen  under  pressure  with  the  reaction  hastened  by  uranium 
OT  some  catalytic  agent,  the  ammonia  being  absorbed  as  fast  as  pro- 
duced.    An  inestimable  advantage  will  be  gained  by  procuriag  some 

aLocdt. 
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method  by  which  nitrogen  can  be  fixed  without  the  tremendous  low 
of  energy  involved  in  heating  it  to  S^SOO^  C,  the  temperature  re- 
quired in  the  electric  proceeses. 

The  Serpek  process,  which  is  operating  in  France,  treats  a  mix- 
ture of  bauxite  and  excess  carbcm  with  air  at  high  temperatures, 
resulting  in  the  formation  of  nitrides,  which,  when  treated  with  water 
or  caustic  soda,  yield  ammonia  and  oxides  or  hydroxides.  The 
process  was  started  with  the  idea  of  producing  pure  alumina  as  the 
main  product  and  ammonia  as  a  by-product,  but  the  nitrides  of  im- 
purities, especially  of  titanium  and  iron,  have  not  been  removed  as 
easily  as  anticipated.  A  simitar  process  employing  the  medium  of 
aluminum  nitride  is  being  developed  in  this  country,  but  no  infor- 
mation has  been  published  relative  thereto.  There  is  every  reason 
to  expect  the  success  of  a  method  using  nitrides.  Such  a  method 
is  especially  desirable  because  it  will  probably  require  much  less 
energy  than  the  direct-combustion  methods. 

It  would  seem  that  if  bacteria  can  bring  about  the  fixation  of 
nitrogen  on  the  roots  of  legumes,  man  also  must  sooner  or  later 
succeed  in  bringing  about  this  reaction  at  moderately  low  tempera* 
tures  and  perhaps  in  time  imitate  the  process  through  the  use  of 
catalytic  agents. 

WASTB  AND  T7TIUZATI0N  OF  SXJIiFHUB. 

The  waste  and  the  utilization  of  sulphur  are  both  enormous  and 
depend  largely  on  local  conditions.  We  produce  sulphur  cheaper 
than  any  other  country  in  the  world,  sell  it  at  perhaps  the  highest 
price,  and  in  the  form  of  sulphur  dioxide  discharge  it  into  the  air 
frcMn  the  stack  of  a  single  smelter  in  quantities  almost  as  large  as 
>  those  utilized  throughout  the  country  from  sulphur  and  domestic 
pyrite  put  together.  If  the  sulphur  discharged  into  the  air  from  this 
one  smelter  were  converted  into  sulphuric  acid  it  would  furnish  more 
than' enough  sulphuric  acid  for  the  total  fertilizer  industry  of  the 
United  States.  This  country  is  producing  annually  about  3,000,000 
tons  of  sulphuric  acid — the  basis  of  all  chemical  industry — of  which 
approximately  one-half  is  used  in  the  manufacture  of  fertilizers, 
llie  total  amount  of  sulphur  dioxide  discharged  into  the  air  in  this 
country  would  unquestionably  suffice  to  make  more  than  8,000,000 
tons  of  sulphuric  acid.  That  the  sulphur  dioxide  from  smelter  smoke 
can  be  recovered  has  been  proved  at  zinc  smelters  and  by  the  copper 
smelters  of  Tennessee,  but  the  question  of  economical  recovery  is 
so  closely  connected  with  the  question  of  transportation  and  markets 
that  at  pres^it  the  idea  of  converting  sulphur  dioxide  into  sulphuric 
acid  in  sufficient  quantity  to  fully  utilize  the  waste  gases  seems 
almost  hopeless  for  the  western  smelters.  Indeed,  if  the  total 
output  were  made  into  sulphuric  acid  it  would  probably  at  present 
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become  a  worse  nuisaace  than  the  gases  themseiyes,  although  the 
growth  of  the  fertilizer  industry  in  the  West  may  largely  solve  the 
problem. 

In  the  South,  where  the  major  part  of  the  fertilizers  made  in  this 
country  is  used,  the  sulphur  fumes  from  two  large  smelters,  which 
are  near  the  phosphate  markets,  are  being  successfully  utilized.  At 
the  present  time  probably  200,000  tons  is  recovered  as  a  by*produet 
in  the  roasting  of  zinc  sulphide  in  regions  where  the  sulphuric  acid 
can  find  market,  and  probably300,000  tons  is  recovered  as  a  by-product 
in  the  smelting  of  copper;  at  the  same  time  a  great  nuisanee  to  the 
surrounding  country  has  been  largely  mitigated.  The  smelting 
plants  of  the  West  are  fortunate  in  having,  comparatively  near, 
immense  deposits  of  phosphate  rock  which  can  be  used  for  making 
phosphates  as  soon  as  a  western  market  for  the  product  is  developed. 
Since,  however,  the  western  smelting  plants  are  meeting  much  I^b- 
lation  against  the  passage  of  smelter  fume  into  the  air,  and  since  the 
production  of  sulphuric  acid  can  at  best  be  only  a  partial  remedy, 
other  methods  of  disposing  of  their  sulphur  and  waste  material  seem 
at  least  temporarily  necessary. 

Prof.  CottreU,  whose  process  for  the  precipitation  of  solids  from 
gases  has  recently  been  turned  over  to  a  research  corporation  under 
the  auspices  of  Hie  Smithsonian  Institution,  takes  up  this  question 
in  an  interesting  manner  in  an  article  on  ''Mineral  losses  in  gases  and 
fumes."*  He  refers  not  only  to  the  outlet  through  superphosphates, 
but  also  to  a  process  ^  for  fixing  the  sulphur  in  harmless  compounds 
by  utilizing  the  fumes  to  decompose  finely  granulated  and  moistened 
basic  slag  and  simultaneously  to  leach  out  any  metal  values  that  the 
slag  contains.  Prof.  Cottrell  also  refers  to  a  second  process,  now 
attracting  much  attention,^  in  which  the  sulphur  dioxide  is  reduced  to 
elemental  sulphur,  which  can  be  stored  indefinitely,  and  he  suggests 
that  this  sulphur  might  be  utilized  as  a  binding  material  for  sand  in 
the  manufacture  of  drainage  tile  or  for  other  uses  of  a  like  character  to 
which  it  is  not  now  applied  on  account  of  its  price.  Indeed,  at  the 
present  time  sulphur  is  being  used  in  Philadelphia  as  a  cementing 
material  in  which  to  set  the  troUey  posts  of  the  street-car  lines. 
These  trolley  posts  were  formerly  greatly  corroded  by  electric  cur- 
rents and  electrolytes  in  soil  moisture,  but  the  sulphur,  being  itself 
an  insulator  and  being  waterproof,  appears  to  protect  the  iron  and 
makes  an  excellent  cementing  material  Indeed,  sulphur  may  pos- 
sibly find  much  more  extended  use  to  preserve  iron  from  the  effects 
of  electrolysis  than  has  heretofore  been  imagined. 

•  ObHtcB,  T.  G.,  MInefal  wastes  symposfixm,  Jour.  Ihd.  and  Eng.  Cbem.,  vol.  4, 1912,  p.  188. 

*  The  Wmtbf^Sommn  proMM  (by  E.  P.  Jemiincs).  Eng.  ud  Mln.  Joat^y^iL  86,  Aug. »,  1908»  p.  41& 
c  Young,  8.  W.y  Thiogien  prooess  for  reduction  of  sulphur  dioxide  In  smelter  fUme.  Ittn.  and  ScL  Press, 

TQLia^lflU,p.386. 
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Prof.  Cottrell  also  hopes  that  the  pyritic  smeltuog  of  copper  in  the 
blast  furnace  may  be  found  to  be  possible  with  a  smaller  consumption 
of  oxygen,  in  order  that  a  considerable  percentage  of  the  sulphur  may 
be  subUmed  without  oxidation.  If  this  result  could  be  accompanied 
by  the  utilization  in  part  of  superheated  steam  in  the  copper  con- 
verter so  that  there,  too,  some  of  the  sulphur  might  be  recovered  with- 
out oxidation  the  problem  would  be  a  long  way  toward  solution. 
Certainly  the  necessity  of  importing  nearly  $3,000,000  worth  of  pyrite 
each  year  is  greatly  to  be  regretted  while  these  immense  sulphur  wastes 
continue. 

LOSSES  IN  1HE  XTTILIZATION  OF  MATERIALS  FOB  POTTEBY 

ENAMELS  AND  CEMENT. 

The  cause  of  conservation  can  not  be  forwarded  by  any  other  one 
agency  in  a  degree  comparable  with  the  influence  that  the  various  prod- 
ucts of  our  siUcate  industries  bring  to  bear.  Bleininger  ^  has  brought 
out  this  fact  clearly.  The  chief  raw  materials  that  enter  into  the  man- 
ufacture of  clay  products  are  absolutely  inexhaustible.  -  The  deposits 
of  day,  limestone,  sand,  feldspar,  soda,  and  other  basic  material  are 
unlimited  and  the  minor  materials,  such  as  fluorspar,  cryolite,  niter, 
borax,  and  the  various  colors  and  opacifiers,  can  probably  always  be 
manufactured  in  sufficient  quantity  or.  substitutes  can  be  found. 
The  more  these  materials  are  used  the  greater  will  the  saving  be. 
These  products  are  of  the  utmost  importance  in  conserving  fire  risks 
through  fireproof  construction,  in  sanitation,  in  drainage,  in  bridges^ 
culverts,  and  buildings,  in  the  construction  of  permanent  roadways 
and  waterways,  and  in  beautifying  our  homes  and  villages. 

POTTEBT. 

One  of  the  largest  of  our  imports  is  pottery,  the  import  value  of 
which  in  1910  amounted  to  $11,027,406,  an  increase  of  40.73  per  cent 
in  10  years.  At  the  same  time  we  produce  in  this  country  a  still 
larger  amount,  chiefly  of  the  coarser  and  less  expensive  kind,  although 
potteries  producing  the  very  highest  class  of  ware  are  developing 
rapidly.  For  our  best  ware  much  of  the  clay  is  imported,  although 
there  is  little  doubt  ^hat  a  careful  study  of  our  own  deposits  and 
methods  of  preparation  would  enable  us  to  utilize  domestic  material 
more  extensively  than  is  done  at  the  present  time.  This  utilization 
is  especially  necessary,  as  some  foreign  countries  threaten  to  prohibit 
the  exportation  of  their  special  clays  in  the  hope  that  thereby  their 
own  pottery  industry  will  be  protected. 

The  chief  wastes  appear  to  be  in  this  use  of  more  expensive  foreign 
material  when  systematic  study  would  undoubtedly  enable  our  pot 

a  Bleinlnger,  A.  V.,  The  relation  of  the  siUcate  industries  to  conservation.   Jour.  In<L  and  Eng.  Chem., 
vol.  4, 1912,  p.  180. 
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teriee  to  obtain  all  of  their  clajs  at  home;  just  as  they  now  obtain  all  of 
their  feldspar  and  quartz.  It  is  undoubtedly  further  true  that  intel- 
ligent management  would  enable  potteries  to  use  material  that  is  not 
now  arailable,  especially  the  semikaolinized  feldspars  of  the  southern 
Appalachian  region.  Investigations  now  under  way  by  the  Bureau  of 
Ifinea  seem  to  indicate  that  there  is  no  question  that  an  immense  ton- 
nage of  this  material,  heretofore  considered  of  no  value,  may  be  readily 
utilized.  Much  of  this  material,  with  little  additional  expense,  can 
be  obtained  in  the  same  pits  or  mines  from  which  kaolin  is  now 
taken.  These  semikaolinized  feldspars  are  simply  mixtures  of 
kaolin  and  feldspar  and  are  some  of  the  purest  known,  being  as  free 
from  impurities  and  yielding  as  white  products  as  any  found  in  the 
worid.  If  the  potteries  could  obtain  this  feldspar  and  this  kaolin 
separate,  they  would  themselves  mix  the  materials  according  to  their 
formulas  to  produce  the  highest  class  of  ware.  There  seems  no  good 
reason  why  the  materials  should  not  be  utilized  by  adding  pure  kaolin 
or  pure  feldspar  to  bring  the  noixture  to  the  desired  composition. 
Careful  technical  control  is  all  that  is  necessary.  Probably  200,000 
tons  of  the  purest  material,  which  now  goes  to  waste,  can  be  utilized 
under  scientific  management,  with  advantage  both  to  the  producer 
and  to  the  consumer. 

Prof.  Bleininger  states  that  the  chief  loss  in  the  ceramic  industry 
at  present  is  a  loss  of  heat  efficiency,  and  calls  attention  to  the  fact 
that  in  Germany  special  continuous  kilns  are  used  that  effect  a  saving 
of  heat  of  50  to  70  per  cent,  whereas  in  this  country  periodic  kilns  are 
still  used  almost  exclusively.  He  notes  further  that  less  than  20 
pounds  of  coal  out  of  every  100  used  was  actually  applied  to  heat 
the  ware. 

ENAMELS  AND  GLAZES. 

Glazed  ware  and  enameled  ware  have  a  direct  bearing  upon  proper 
sanitation  and  public  health  and  their  use  should  be  encouraged  in 
every  way.  They  also  serve  as  protective  material  for  conserving 
metals,  and  they  afford  a  ready  market  for  such  substances  as  anti- 
mony oxidCi  arconium  oxide,  and  borax.  They  are  easily  produced, 
and  more  general  information  in  regard  to  them  and  their  manufac- 
ture should  be  published,  so  as  to  make  possible  a  cheaper  production 
of  enameled  articles^  Furthermore,  enamel  brick  and  tile,  which  are 
becoming  more  and  more  important  from  a  standpoint  of  beauty  as 
well  as  utility,  can  still  be  greatly  improved,  and  much  of  the  work 
now  done  by  hand  can  be  done  by  machine. 

CEMENT. 

The  wonderful  effect  of  the  growth  of  the  Portland-cement  industry 
on  the  wastes  of  other  materials  can  not  be  overestimated.  In  15 
jwn  the  output  of  Portland  cement  in  this  country  alone  has  devel- 
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oped  irom  less  than  1,000,000  to  neaziy  80,000,000  btmia  p«r  year. 
The  indiutrj  has  supplied  a  cheap  material  which  not  oalky  leplaces 
iron,  and  steel  in  much  structural  work  but  also  is  used  as  a  coating 
for  them,  greatly  increasing  the  life  of  the  metal  by  proteeting  it 
from  rust.  Cement  in  the  form  of  concrete  has  taken  the  place 
of  millions  of  feet  of  lumber  and  gives  a  permanency  p9  our  stnietures 
that  wood  can  not  giro.  Not  only  is  it  used  in  our  iaige  engineering 
structures,  but  it  is  used  for  hundreds  of  minor  purposes  around  the 
farm  and  the  village.  Indeed  the  concrete  dwelling  is  beeomiag 
more  and  more  in  vogue,  and  with  its  comparative  fireproof  and 
weatherproof  qualities,  together  with  new  methods  tix  cokxring  and 
decorating,  it  promises  to  supplant  the  ordinary  wooden  house. 

The  development  of  the  cement  industry  has  been  accompanied 
by  keen  competition  and  careful  attention  to  detail,  so  ttuit,  for- 
tunately for  the  people,  the  price  of  the  product  has  been  l^might 
down  to  the  low  rate  at  which  it  can  be  obtamed  to-day. 

The  kifais  have  been  gradually  isjcreased  in  size  until  a  Idln  100  to 
140  feet  long  is  the  rule  rather  than  the  excepticm,  and  much  larger 
output  and  saving  of  heat  has  undoubtedly  accompaaied  eadi 
increase  in  length  and  size.  Still,  to  the  ordinary  observer  there 
appear  to  be  heat  losses  that  ought  to  be  prevented  by  some 
regenerative  process.  In  most  cement  works  the  raw  rock  before 
being  ground  is  dried  in  a  separate  kihi,  while  from  the  main  kiln 
incandescent  gases  escape  into  the  stack.  The  white4iot  clinker 
falling  from  the  front  end  of  the  kiln  has  to  be  raised  to  towers 
through  which  it  slowly  falls  to  be  cooled,  and  here  again  there  are 
immense  losses  of  heat  for  which  no  practical  method  of  utilisatioa 
has  yet  been  found. 

Another  loss  which  is  much  more  serious  than  is  generally  realized 
is  the  flue  dust  that  passes  from  the  end  of  the  kUn  into  tixe  stacks 
and  away.  Actual  measurement  indicates  that  this  flue  dust  is 
probably  never  less  than  4  per  cent  of  the  raw  material  used  and 
that  in  some  plants  it  is  more  than  10  per  cent.  The  loss  is  of  par- 
ticular importance  because  the  material  has  been  ground.  Schott  ^ 
states  that  this  dust  is  being  caught  and  recharged  with  profit  in 
some  of  the  German  plants.  In  this  country  some  of  the  cement 
manufacturers  are  threatened  with  restrictive  legislation,  and  three 
plants  at  least  have  been  ordered  to  shut  down  or  put  in  dust  catch- 
ers to  diminate  a  nuisance.  A  plant  at  Riverside,  Cal.,  has  already 
installed  the  Cottrell  process  for  catching  its  dust,  which  was  injur- 
ing the  surrounding  orchards  so  seriously  that  the  plant  had  no 
choice  but  to  catch  the  dust  or  to  shut  down.  In  this  plant  the 
raw  nuiterial  carries  a  small  amount  of  feldspathic  rocls;  and  as  a 

a  Schott,  otto,  Doflt  in  Portlaiid  ooment  plants.  Cement  and  Bog.  News,  vol.  M,  Mifawy,  Ma,  p.  m^ 
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eoDsequeiice  ihe  alkali  that.it  contaiiis  is  volatilized  and  caught 
with  the  dust  in  the  collectors.  This  dust  averages  about  2  per 
cent  soluble  potash,  but  certain  samples  obtained  under  peculiar 
working  conditions  have  analyzed  as  high  as  35  per  cent  soluble 
alkali,  of  which  about  one-half  was  potash.  These  %ures  show 
jJainly,  as  indeed  has  been  known  for  some  time,  that  in  the  cement 
kOin  the  alkalis  are  for  the  main  part  volatilized.  Moreover,  it 
would  certainly  seem  possible  to  increase  the  amoimt  of  potash- 
bearing  material  in  the  mix  by  the  addition  of  either  potash  feldspar 
or  such  potash-bearing  silicates  as  the  green  sands  of  New  Jersey, 
without  injuring  the  quality  of  the  cement  obtained  and  without 
adding  to  the  cost  of  manufacture.  With  the  catching  of  the  dust 
it  would  then  seem  possible  to  obtain  a  by-product  rich  in  potash, 
the  value  of  which  might  cover  wholly  or  in  part  the  cost  of  elimi- 
nating a  dust  nuisance. 

T7T£LIZATIOV  OF  FULLBB'S  BABTH. 

The  imports  of  English  fuller's  earth  are  regularly  increasing  in 
spite  of  the  duty.  Domestic  production  is  still  used  chiefly  for 
petroleum,  whereas  imported  earth  is  used  for  edible  oils.  The 
deposits  of  fuller's  earth  in  the  South,  especially  in  Georgia,  South 
Carolina,  and  Alabama,  are  immense,  and  there  is  no  good  reason 
why  any  foreign  earth  should  be  imported.  Deposits  in  Arkansas 
and  Texas  are  also  being  exploited.  Domestic  earth  could  be  easily 
produced  at  a  profit  at  the  present  price  if  a  sufficient  output 
could  be  maintained.  Several  of  the  domestic  earths  bleach  edible 
oils  much  better  than  the  English.  Lack  of  knowledge  of  methods  of 
preparation  for  the  market  is  one  of  the  chief  reasons  why  the  domes- 
tic earths  are  not  now  used;  also  some  manufacturers  do  not  yet  suc- 
cessfuDy  remove  from  edible  products  the  slight  taste  these  earths  are 
apt  to  impart.  At  least  one  large  producer  of  edible  oils  now  uses 
only  American  material. 

INFUSOBIAL  EABTH. 

Probably  the  largest  deposit  of  fuller's  earth  in  the  world  is  at 
Lompoc,  Cal.  It  is  almost  inexhaustible  and  is  remarkably  free  from 
iron  and  other  impurities.  The  earth  is  used  in  making  light  terra- 
cotta brick;  in  the  beetnsugar  industry  it  is  used  to  assist  in  filtration, 
and  it  is  also  used  as  a  boiler  covering.  The  pure  earth  has  been 
rather  hard  to  obtain  in  the  past,  but  the  immense  deposit  at  Lompoc, 
much  of  which  is  still  open  to  exploitation,  should  encourage  new 
uses  for  the  material.  Like  many  other  deposits  in  the  West,  the 
cost  of  transportation  is  the  chief  obstacle  to  its  present  develop- 
ment.   If  it  could  be  delivered  at  a  low  enough  price  on  the  Atlantic 
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seaboard,  it  would  undoubtedly  find  extensive  use  as  an  insulating 
material,  and  be  an  effective  agent  in  preventing  heat  losses. 

NBW  TT8B8  FOB  A8BBST08. 

« 

The  uses  of  asbestos  are  rapidly  increasing.  They  afford  protection 
against  fire  and  are  effecting  a  real  conservation  of  lumber.  Asbestos 
shingles,  asbestos  plaster,  and  asbestos  lumber  are  of  the  utmost 
importance,  and  their  use  should  be  encouraged.  They  are  much, 
less  easily  destroyed  by  atmospheric  agencies  than  is  wood  and  they  are 
noncombustible.  In  building  operations  asbestos  products  have 
the  advantage  over  ceramic  products  in  that  they  can  be  sawed  and 
nailed.  With  the  aid  of  asbestos  lumber  it  is  now  possible  to  erect 
and  even  to  decorate  a  complete  building  without  having  wood  or 
any  combustible  material  in  its  structiu'e.  This  country,  however, 
produces  at  the  present  time  a  very  small  proportion  of  the  asbestos  it 
uses,  although  extensive  deposits  are  known  to  exist  in  Wyoming. 
Recently  new  deposits  have  been  opened  up  in  Texas,  and  some  of 
the  best  asbestos  known  for  electrical  purposes  is  said  to  occur  within 
the  Government  reservation  of  the  Grand  Canyon. 

POSSIBIiB  PBOOBB88  IN  rTHB  XANUVA0TX7BB  OF  BBFBACXQBT 

MATBBIALS. 

The  industry  of  producing  refractory  materials  offers  an  espeoially 
promising  field  of  research.  Many  metallurgical  furnaces  have  to 
be  relined  much  more  frequently  than  should  be  necessary,  and  while 
this  relining  is  being  done  their  operation  must  be  suspended  for 
weeks.  A  specific  instance  was  recently  reported  in  which  the  regu* 
lar  life  of  the  furnace  in  an  important  industry  was  increased  from 
six  months  to  over  two  years  simply  by  a  careful  study  of  the  texture 
of  the  refractory  bricks  used  and  by  the  development  of  methods  for 
decreasing  their  porosity.  Great  improvements  have  taken  place 
in  the  past  few  years,  but  few  careful  scientific  investigators  have 
attacked  the  problem.  Bauxite  bricks  offer  an  espedaUy  promising 
field  if  their  cracking  under  contraction  and  expansion  can  be  con- 
trolled— a  result  by  no  means  improbable,  for  aJready  one  producer 
claims  to  have  accomplished  it.  Furthermore,  by  ^e  addition  of 
alumina  to  the  clay  from  which  they  are  made  it  is  quite  possible 
that  the  best  fire  days  can  be  greatly  improved  and  brick  be  made 
from  them  approaching  in  composition  bauxite  brick.  Th^re  are 
also  large  quantities  of  highly  aluminous  clays  in  the  bauxite  regions 
of  Georgia  and  Arkansas,  which  on  investigation  may  prove  to  be 
highly  valuable  for  refractoiy  pwposes.  Some  recent  work  by 
thoroughly   competent    experimenters'    indicates    an    awakening 

•  Rlgg^GUbert,  Defects  in  refractory  brick  and  their  causes.  IfetandChem.  Sng.,  toL  8,  ICay,  1910, 
pp.  S7-M0,  also  ToL  8»  Oob,  mo,  p.  M2;  BanndeiB,  L.  B.,  EleoMeally  fused  iinnrimk  Tnua.  Aaur. 
Kleo.ClienL8oa.YoL  19,19U,p.  S33;  FiUOerald.  F.  A.  J.,  Befraotodes.    Met  and  Chem.  Snc..  toL  la 

lte.«]fli2»pp.i»-ua  ^'       ^ 
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interest  in  the  subject.  The  need  for  special  refractories  has 
been  forced  home  bj  the  much  higher  temperatures  demanded  in 
the  chemical  and  ceramic  industries.  Indeed,  the  field  of  the  elec- 
tiie  furnace  is  limited  chieflj  bj  the  ability  of  the  furnace  walls  to 
resist  heat.  According  to  FitaGerald*  brick  made  from  special 
fonns  of  silicon  carbide  and  from  electrically  calcined  magnesia  have 
shown  most  excellant  resistant  properties.  In  this  connection,  there 
is  a  growing  demand  for  2drconia,  and  an  abundant  and  cheap  supply 
of  this  material,  or  of  any  of  the  cerium  group  of  earths,  woidd  prove 
highly  important  to  electric-furnace  development. 

THE  WAOTB  OF  ABSBNIC. 

According  to  Harkins  and  Swain,^  about  30  tons  of  arsenic  trioxide 
goesoutof  thestack:H)f  the  Washoe  smelter  daily.  This  quantity  means 
perhaps  80  to  00  per  cent  of  the  total  arsenic  coming  into  the  plimt,  and, 
if  correct,  amounts  to  over  10,000  tons  a  year  that  is  being  thrown 
into  the  atmosphere  by  this  smelter  alone.  Similar  losses  are  taking 
place  in  almost  every  smelting  plant  in  the  coimtry,  and  there  is  no 
doubt  that  over  25,000  tons  of  arsenic  goes  to  waste  each  year.  The 
output  in  1911  increased  nearly  300  per  cent  over  that  of  1910, 
chiefly  because  of  the  requirement  put  upon  smelters  for  the  collection 
of  the  arsenic  formerly  allowed  to  escape.  Although  the  price  has 
been  greatly  reduced,  the  oversupply  is  not  being  easily  marketed. 

Arsenic  is  used  in  large  quantities  in  combination  with  lead  as  an 
insecticide,  and  experiments  would  seem  warranted  to  determine 
whether  arsenic  sulphide  or  caldimi  sulpharsenite,  both  of  which  are 
probably  quite  harmless  to  plants,  may  not  be  substituted  for  lead 
arsenate,  giving  a  much  cheaper  insecticide  that  uses  more  arsenic 
and  conserves  lead.  Obviously,  any  proposed  insecticide  must  not 
only  be  effective  as  a  poison,  but  also  must  not  injure  the  foliage  of 
the  plant  upon  which  it  is  placed. 

IHB  SUPPIiY  OF  BBOMnra  AHB  CHLOBINB  AHB  <XHE  NEED  OF 

NBW  X7SBS. 

There  is  apparently  an  overproduction  of  both  bromine  and  chlo- 
rine in  this  country,  and  new  uses  are  desired  as  an  outlet  for  these 
elements.  Bromates  are  incidentally  made  in  the  production  of  bro- 
mides and  so  far  have  had  little  market.  Potassium  bromate,  how- 
ever, is  an  excellent  oxydizing  agent,  and  its  use  for  this  purpose 
would  seem  possible  of  great  extension.  One  to  two  pounds  of  potas- 
sium bromate  added  to  each  ton  of  solution  of  potassium  cyanide  in 
the  cyanide  process  for  gold  is  said  to  keep  the  bath  ''sweet,"  pro- 
vided the  bath  is  kept  alkaline  with  lime.    Any  sulphides,  sulpho- 

* ^^^^■iJl__^ ^ ^ T~~ 1 ■-■ 1    ---  -■l_MM,l  -  ■■ 

•  Loe.eit 

^  SvbIb,  R.  E.,  and  Haikins,  W.  !>.,  Axsenlo  tat  Tegetation  exposed  to  smelter  smoke.  Jour.  Amer.  Chem. 
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cyanides,  or  ferrocyanides  tending  to  reduce  the  yalue  of  the 
solved  oxygen  are  seemingly  prevented  from  forming  by  the  presence 
of  potassium  bromate. 

Chlorine  can  now  be  obtained  very  cheaply  in  liquid  form  and  can 
be  supplied  either  in  regular  cylinders,  in  cheap  cylinders  that  do  not 
have  to  be  returned,  or  even  in  tank  cars.  Processes  are  also  being 
exploited  which  produce  the  chlorine  on  the  ground  electrolytically. 
These  processes,  although  cheapening  the  application,  tend  also  to  re- 
duce the  market  for  the  chlorine  manufactured  as  a  regular  product. 
A  possible  use  for  chlorine  is  for  chlorinating  certain  pyroligneous 
tars  to  be  used  in  the  preservation  of  wood.  It  may  be  possible  also 
to  make  cheap,  noncombustible  solvents  by  chlorinating  certain 
petroleum  residues,  like  the  cheap  solar  oil  of  Texas,  which  can  now 
be  disposed  of  for  only  about  2  cents  a  gallon,  ^uch  solvents,  espe- 
cially if  they  do  not  attack  metals,  are  greatly  needed.  Immense 
quantities  of  chlorine  in  the  form  of  calcium  chloride  are  being  run 
off  as  a  waste  from  the  ammonia  soda  process  works  of  the  countiy. 
One  plant  alone  now  produces  daily  280  metric  tons  of  calcium  chlo- 
ride, 90  per  cent  of  which  is  a  total  waste.  Ten  per  cent  is,  however, 
evaporated  and  used  in  granulated  form,  chiefly  in  refrigerating 
plants  and  on  roads  to  lay  dust.  This  material  is  also  found  to  be  of 
great  advantage  if  sprinkled  in  coal  mines,  as  it  tends  to  keep  the  coal 
dust  moist,  and  thereby  greatly  diminishes  the  danger  of  explosions. 
Any  nonhydroscopic  substance  added  to  water  used  to  sprinkle  coal 
dust  in  mines  has  little  more  effect  -than  that  of  a  diluent.  Water 
itself  quickly  evaporates  from  coal  dust  in  dry  mines,  and  is  carried 
away  by  the  ventilating  cuirents.  If  calcium  chloride  be  added,  the 
moisture  is,  of  course,  retained. 

BABE  EABTHS  AND  THEIB  TTSES. 

Comparatively  little  is  known  about  a  large  number  of  the  rarer 
elements  of  which  the  earth  is  composed.  Even  the  minerals  that 
contain  them  are  little  known  and  it  is  impossible  to  state  how 
extensively  they  occur  in  the  West,  for  they  may  have  been  over- 
looked as  worthless.  This  assumption  is  especially  true  of  such 
elements  as  tungsten,  vanadium,  titanium,  tantalum,  columbium, 
thallium,  thorium,  beryllium,  and  the  20  or  more  elements  of  the 
cerium  and  yttrium  earths.  No  one  can  say  what  an  exploitation  of 
this  field  might  lead  to,  but  it  is  through  pure  scientific  investigation 
of  such  problems  as  these  that  many  industries  have  been  developed, 
perhaps  the  most  noteworthy  being  that  of  the  Welsbach  gas-light 
mantle.  In  the  production  of  thorium  from  monazite,  by  far  the 
larger  part  of  the  associated  materials  go  to  waste.  About  30  per 
cent  of  this  waste  is  cerium  and  the  remainder  lanthanum,  neodymium, 
praseodymium,  and  other  rarer  elements  of  the  rare  earths.     There  is 
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every  prospect  that  the  cerium  will  soon  be  utilized  and  bring  a  fair 
price.  The  separation  of  the  element  from  the  other  earths  is  no 
longer  difficult  and,  once  the  element  is  in  solution,  can  be  brought 
about  in  a  single  operation.  The  properties  of  the  metal  in  alloys 
some  of  which  have  most  remarkable  pyrophoric  properties,**  are  now 
well  known  and  the  metal  can  be  readily  reduced  by  the  electric 
current.  It  is  also  probable  that  cerium  oxide,  lanthanum  oxide,  and 
the  oxides  of  other  rare  earths  that  occur  in  these  waste  materials  will 
become  of  special  value  as  refractories,  for  they  are  among  the  most 
infusible  materials  known.  Cerium  is  also  finding  use  in  the  form  of 
cerium  fluoride  in  the  flaming  arc,  and  there  is  little  doubt  that  this 
use  may  be  greatly  extended.  The  properties  of  some  of  the  com- 
pounds of  cerium  to  act  as  perhaps  the  strongest  oxidizing  compounds 
known  may  open  up  new  uses  for  this  metal. 

MISCBLLANBOTTS. 

Lai^e  and  extensive  deposits  of  barite  occur  in  Missouri,  California, 
and  Nevada,  but  transportation  costs  make  possible  lai^e  imports  of 
this  valuable  mineral.  It  is  used  in  large  quantities  in  the  production 
of  lithophone  and  in  paints,  and  should  be  made  to  supply  at  least  a 
goodly  portion  of  the  western  demand  for  these  materials.  Recently 
opened  deposits  in  central  Kentucky  are  already  entering  into  active 
competition  with  the  foreign  article,  and  as  these,  together  with  other 
deposits  being  mined  in  Tennessee,  North  Carolina,  Virginia,  and 
Georgia,  can  obtain  lower  freight  rates  to  the  eastern  markets  it  is 
to  be  hoped  that  they  may  be  able  to  supply  all  the  needs  of  those 
markets.  Large  amounts  of  barite  occur  in  some  of  the  metalliferous 
ores  of  the  West.  The  mineral  has  a  high  specific  gravity,  is  difficult 
to  separate,  and  has  to  be  fluxed  off;  consequently  it  passes  into  the 
slag  pile. 

Apatite  is  associated  with  the  magnetite  iron  ores  of  New  York, 
and  is  left  behind  by  the  magnetic  separators.  Hundreds  of  thou- 
sands of  tons  of  such  waste  have  accummulated,  containing  about  30 
per  cent  of  phosphoric  acid  in  the  form  of  apatite  mixed  with  horn- 
blende and  quartz.  No  economical  method  of  further  concentration 
has  yet  been  found. 

Mica  is  always  in  demand,  especially  in  large  sheets,  or  in  scrap  with 
low  iron  content.  Mica  scrap  heaps  at  the  exits  of  old  mines  have  all 
been  carefully  reworked  on  account  of  the  excellent  insulating  material 
they  contain,  as  well  as  for  the  production  of  other  products  in  which 
scrap  mica  has  been  utilized. 

Immense  deposits  of  graphite  have  not  been  available,  on  account 
of  the  impossibility  of  separating  the  mineral  from  the  gangue,  but 
it  has  been  found  that  in  many  cases  simple  pulverizing  and  sifting 

•Hltah,  A^  Tour.  Ind.  and  Xng.  Cbeiii.»  roL  3, 1911»  p.  880. 
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through  sieves  will  separate  the  fine  graaular  gangue  from  tlie  more 
flaky  graphite.  Also,  both  of  the  new  processes  mentioned  (p.  27) 
as  being  used  for  the  separation  of  molybdenite  are  claimed  to 
be  equally  effective  in  separating  graphite  from  its  accompanying 
impurities. 

Calcium  also  can  be  readily  and  cheaply  obtained  whenever  a  use 
for  this  metal  is  found.  The  available  resources  are  absolutely 
inexhaustible,  but  only  in  recent  years  could  the  element  be  separated 
electrolytically. 

Lithium  carbonate  is  now  a  comparatively  cheap  substance,  whicli 
could  be  produced  in  much  greater  quantities  if  more  extended  use 
were  found.  At  present  it  is  used  only  in  medicine  and  in  one  of  the 
latest  forms  of  storage  batteries  which  is  now  becoming  prominent  in 
the  market. 

Selenium  and  tellurium  can  be  obtained  in  much  greater  quantities 
than  is  generally  supposed.  From  our  copper  refineries  and  sulphuric- 
acid  plants  at  least  300,000  pounds  of  seleniimi  is  going  to  waste  each 
year.  Up  to  a  year  or  two  ago  no  important  use  for  selenium  was 
known,  although  for  some  three  or  four  years  it  had  been  secretly  used 
in  the  glass  industry.  It  is  now  known  to  be  used  to  color  glass  red, 
and  in  small  amounts  to  decolorize  glass  by  neutralizing  the  green  of 
ferrous  iron.  It  is  obtained  as  a  by-product  in  the  refining  of  copper. 
Probably  about  20  tons  per  year  now  finds  place  in  the  arts.  Sele- 
nium is  the  only  known  element  having  an  electrical  conductivity 
that  varies  with  exposure  to  light.  This  property  will  imdoubtedly 
give  the  metal  especial  prominence  in  the  future,  as  its  applications 
are  developed.  It  is  now  used  in  automatic  gas-light  apparatus, 
especially  on  gas  buoys,  in  a  new  selenium  photometer,  and  in  devices 
by  the  use  of  which  the  transmission  of  pictures  by  wire  is  proposed. 

Tellurium  is  also  going  to  waste  in  quantities  comparable  with  the 
waste  of  selenium.  No  use  of  importance  is  known  for  the  element, 
although  it  is  obtainable  at  a  low  price  and  many  tons  a  year  could  be 
furnished. 

Silicon,  next  to  oxygen,  is  the  most  abundant  of  all  elements,  and 
until  recentl jr  has  been  obtained  only  as  a  chemical  curiosity.  It 
has  wonderful  powers  of  resistance  to  aU  ordinary  weathering  agencies, 
and  if  it  could  be  applied  as  an  impervious  coating  to  rigid  perishable 
materials,  should  greatly  prolong  Uieir  life.  It  has  also  some  wonder- 
ful properties  of  resistance  to  chemical  agents,  is  easily  made,  and 
except  for  its  brittleness  would  probably  find  extensive  use.  Even 
now,  however,  uses  are  gradually  developing,  one  of  the  most  intei^ 
esting  of  which  is  for  the  shoes  of  plows  in  certain  acid  or  pyrite 
furnaces  in  which  iron  rapidly  goes  to  pieces.  Many  tons  of  this 
element  is  used  in  alloy  with  iron,  especially  in  electrical  transformers. 
It  reduces  hysteresiB  losses  and  increases  resistance. 
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THE  SELECTION  OF  EXPLOSIVES  USED  IN  ENGINEERING 

AND  MINING  OPERATIONS. 


\ 


By  Clarence  Hall  and  Spencer  P.  Howell. 


GENERAL.  STATEMENT. 

This  bulletin  deals  with  the  characteristic  features  of  the  principal 
explosives  used  in  mining  and  engineering  operations,  and  espe- 
cijJly  with  the  tests  that  show  the  suitability  of  different  classes  of , 
explosives  for  different  kinds  of  work.  The  Bureau  of  Mines  pub- 
Ibhes  the  report  as  one  of  a  series  dealing  with  tests  of  explosives 
and  methoils  of  reducing  the  risks  involved  in  the  use  of  explosives 
in  mining  operations. 

The  application  of  explosives  to  engineering  and  mining  opera- 
tions has  increasetl  rapidly  in  recent  years.  According  to  a  pre- 
liminary report  issued  by  the  Bureau  of  the  Census,  469,000,000 
pounds  of  explosives  was  manufactured  in  this  country  during  the 
year  1909,  and  the  greater  part  of  this  production  was  used  for 
industrial  purposes. 

In  large  engineering  projects  and  in  mining  operations  requiring 
the  use  of  explosives  the  selection  of  a  suitable  explosive  from  the 
many  varieties  offered  for  sale  is  of  fundamental  importance.  Vari- 
ous considerations  are  involve<l  in  the  selection  of  an  explosive  of 
proper  class  for  the  blasting  to  be  done.  Many  explosives  suitable 
for  quarry  work  are  unsuitable  for  use  in  deep  mines  or  in  close 
workings.  In  metal  mining  and  in  driving  tunnels  the  character  of 
the  gases  evolved  by  the  explosive  on  detonation  is  an  important 
consideration.  An  explosive  for  use  in  gaseoiis  or  dusty  coal  mines 
must  be  formulated  and  compounded  so  that  its  flame  temperature 
and  the  height  and  duration  of  its  flame  are  reduced  enough  to  per- 
mit its  being  used  with  comparative  safety.  In  wet  workings  or  in 
submarine  blasting  explosives  impervious  to  moisture  are  requisite. 
In  extremely  cold  climates  explosives  that  do  not  require  thawing 
are  desirable,  provided  they  are  equally  good  in  other  respects.  An 
essential  requirement  of  all  explosives,  especially  of  those  for  use  in 
tropical  countries,  is  that  they  shall  remain  stable  without  change 
in  chemical  or  physical  characteristics. 
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Because  of  the  varying  conditions  in  the  different  projects  on  which 
explosives  are  used,  it  is  necessary  to  emphasize  the  fact  that  some 
characteristics  of  explosives  are  of  much  importance  in  certain 
classes  of  work  and  of  little  or  no  importance  in  others. 

expijOsives  used  in  quarry  operations. 

Practically  every  class  and  every  grade  of  commercial  explosive 
are  used  in  open-air  work  to  meet  varying  conditions.  In  breaking 
down  rock  in  quarries  the  explosives  generally  employed  are :  Black 
blasting  powder,  granulated  nitroglycerin  powder  containing  5  to  15 
per  cent  of  nitroglycerin,  *' straight"  nitroglycerin  dynamites  con- 
taining 15  to  60  per  cent  of  nitroglycerin,  low-freezing  dynamites 
commercially  rated  according  to  the  equivalent  percentage  of 
strength  of  the  *' straight''  nitroglycerin  dynamites,  and  ammonia 
dynamites  rated  in  a  similar  way.  In  recent  years  blasting  gelatin, 
gelatin  dynamites,  ammonium-nitrate  powders  containing  nitro- 
substitution  compounds,  chlorate  powders,  and  the  so-called  nitro- 
starch  powders  have  been  used  to  a  small  extent  in  quarry  work. 

BLACK  BLASTING  POWDBB. 

Black  blasting  powder  is  a  mechanical  mixture;  it  consists  of  finely 
pulverized  sodium  nitrate  intimately  associated  with  combustible 
materials.  This  intimate  association  of  the  materials  is  brought 
about  by  thoroughly  mixing  and  incorporating  them  in  what  are 
technically  termed  wheel  mills.  The  product  is  pressed  into  hard 
cakes,  which  are  subsequently  broken  into  small  grains.  The 
powder  is  then  put  in  a  revolving  barrel  where  the  grains  are 
rounded  by  rubbing  together,  and  at  the  same  tune  arc  coated  with 
graphite  or,  as  the  operation  is  often  termed,  '^glazed."  The 
object  of  rounding  and  glazing  the  grains  is  to  render  them  free-nm- 
ning;  the  glazing  also  scrs'cs  to  delay  s:)mcwhat  their  taking  up 
moisture  from  the  air. 

The  following  is  the  composition  of  the  black  blasting  powder 
that  is  generally  offered  for  sale  in  this  country; 

Composition  of  commercial  black  blasting  powder. 

Charcoal 16 

Sulphur 11 

Sodium  nitrate 73 

o  100 

The  powder  is  divided  into  sizes  according  to  diameter  ol  grain, 
the  sizes  being  separated  and  collected  by  sieves  of  different  mesh. 
The  sizes  most  usually  offered  for  sale  are  called  CC,  C,  F,  FF,  FFF, 
and  FFFF.     Of  these  CC  represents  the  largest  grains,  about  one- 

a  A  small  percentage  of  water  is  included. 
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half  inch  in  diameter,  and  FFFF  represents  the  smallest  grains, 
about  one-sixteenth  inch  in  diameter. 

GASES   AND   PRESSURE   PRODUCED   ON   EXPLOSION. 

When  blasting  powder  is  ignited  in  a  drill  hole  a  rapid  combustion 
takes  place,  and  it  is  the  pressure  of  the  highly  heated  gases  formed 
that  disrupts  the  rock.  It  has  been  found  that  150  liters  (5.30  cu. 
ft.)  of  gas  is  produced  from  454  grams  (1  lb.)  of  black  blasting  powder, 
the  gas  being  measured  at  normal  temperature  and  pressure,  0®  C, 
and  760  mm.  When  this  volume  is  compared  with  the  volume  of 
permanent  gases  produced  by  the  detonation  of  equal  weights  of 
nitroglycerin  dynamites,  it  becomes  evident  that  in  a  consideration 
of  the  energy  developed  by  explosives  there  are  other  factors  of  more 
importance  than  the  volume  of  permanent  gases  evolved. 

At  the  instant  of  explosion  the  gases  evolved  are  highly  heated 
and  tend  to  occupy  a  much  greater  volume  than  at  normal  tempera- 
ture and  pressure.  Since  the  maximum  theoretical  temperature 
produced  by  the  detonation  of  dynamite  is  much  higher  than  that 
produced  by  the  explosion  of  black  blasting  powder,  the  gases  evolved 
on  the  detonation  of  dy^amite  are  more  highly  heated  and  tend  to 
expand  more  strongly  than  those  evolved  by  black  blasting  powder. 

TIME   FACTOR. 

The  factor  of  time  must  also  be  taken  into  account  in  considering 
the  power  developed  by  explosives.  The  rate  of  detonation,  explo- 
sion, or  burning  determines  the  characteristic  effects  of  commercial 
explosives.  This  rate  is  the  governing  factor  in  judging  relative 
efficiency,  and  offers  the  best  basis  for  selecting  explosives  suitable 
for  various  mining  conditions.  The  shattering  effect  of  sudden 
pressure  on  a  given  substance  is  very  different  from  that  produced 
by  an  equal  pressure  applied  slowly.  The  quicker  the  rate  of  the 
explosive  reaction  the  more  pronounced  will  be  the  shattering  effect. 
The  shattering  effect  of  a  commercial  exnlosive  depends  on  its  rate 
of  detonation. 

During  the  convereion  of  an  explosive  into  solid,  liquid,  and  gaseous 
products  the  expansion  of  the  gaseous  products  and  the  cooling  effect 
of  the  walls  of  the  drill  hole  or.  other  heat-absorbent  surroundings 
tends  to  reduce  the  temperature  of  the  gases,  so  that  the  theoretical 
temperature  or  maximum  pressure  is  never  reached.  The  more 
nearly  instantaneous  the  explosion  reaction  for  a  given  explosive,  all 
other  conditions  being  equal,  the  greater  is  the  volume  of  highly 
heated  gases  it  produces  in  unit  of  time  and  the  more  violent  is  the 
effect  it  exerts. 

The  rate  of  burning  of  FF  black  blasting  powder,  as  determined  at 
the  Pittsburgh  testing  station  under  conditions  simulating  those 
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that  prevail  when  j>owdep-oxplodes  in  a  drill  hole,  haS'beea  found  to 
be  469  meters  (1,538  feet)  per  second.  This  rate  is  slow  compared 
with  the  rate  of  detonation  of  '* ordinary"  dynamites.  Inasmuch  as 
the  gases  from  the  combustion  of  black  blasting  powder  form  at  such  a 
relatively  &!ow  rate,  the  pressures  produced  are  prolonged  and  there 
is  a  corresponding  loss  of  heat  and  pressure  from  conduction  and 
radiation.  Black  blasting  powder  is,  therefore,  best  suited  for  work 
in  which  a  gradual  pushing  or  heaving  effect  is  desired.  In  order  to 
obtain  the  maximum  efficiency  of  black  blasting  powder  the  charge 
must  be  well  confined  by  suitable  stemming.  The  most  successful 
results  are  obtained  when  the  drill  holes  are  tamped  to  the  mouth. 

Black  blasting  powder  is  used  in  excavating  cuts,  quarrying 
soft  rock  or  stone,  and  especially  in  quarries  where  large  blocks  of 
building  stone  are  sought.  In  some  work  it  is  necessary  to  chamber 
or  hollow  out  the  bottom  of  the  drill  hole  with  dynamite  or  other 
suitable  high  explosive,  and  thus  make  a  large  cavity  at  the  point 
where  the  powder  can  be  placed  to  best  advantage.  When  drill  holes 
are  enlarged  in  this  way  they  become  hot,  hence  they  should  not  be 
loaded  immediately  after  chambering,  as  the  heat  may  explode  the 
powder  charge  prematurely. 

aBANTTLATED  NITBOGLYCEBIN  POWDEBS. 

The  following  composition  is  an  example  of  a  granulated  nitro- 
glycerin powder  that  is  offered  for  sale  in  this  country: 

Composition  of  commercial  granulated  nitroglycerin  powder. 

Nitroglycerin 5. 0 

Combustible  material  ^ 35. 0 

Sodium  nitrate 60. 0 


100,0 


The  composition  of  the  basic  grains  of  granulated  nitroglycerin 
powders  is  somewhat  similar  to  that  of  black  blasting  powder. 
Instead  of  the  nitrate  and  the  combustible  materials  being  thoroughly 
incorporated,  these  ingredients  arc  heated  to  a  temperature  at  which 
the  resin  and  sulphur  melt.  The  sticky  mass  formed  is  then  granu- 
lated by  cooUng  while  being  rubbed  through  a  fine-mesh  screen. 

The  grains  produced  in  this  way  are  hard  and  porous;  they  can  be 
supei^ficially  coated  or  have  their  interstices  filled  with  a  small  pro- 
portion of  nitroglycerin.  To  insure  the  maximum  efficiency  of  a 
granulated  powder  it  is  necessary  to  detonate  the  charge  with  a 
priming  cartridge  of  dynamite.  The  nitroglycerin  superficially 
held  in  the  interstices  and  on  the  outside  of  the  powder  grains 
detonates,  and  thus  accelerates  the  combustion  of  the  grains.     The 

a  Conaista  of  sulphur,  coal,  and  rcein. 


EXPLOSIVES  USED  IN   QUABRY  OPBBATIONS. 


rate  of  detonation  of  granulated  powder  has  been  found  to  be  1,018 
meters  (3,339  feet  per  second),  or  more  than  twice  that  of  black 
blasting  powder.  Consequently,  granulated  powder  is  more  effective 
and  gives  better  results  than  black  blasting  powder  in  soft  and  seamy 
rock  or  in  material  that  docs  not  sufficiently  confine  the  gases  evolved. 


« 


STBAiaHT"  NITBOGLYCBBIK  BYKAMITBS. 


The  following  compositions  are  examples  of  the  ** straight*'  nitro- 
glycerin dynamites  that  are  generally  offered  for  sale  in  this  country: 

Compositions  of  "'straight "  nitroglycerin  dynamites  of  various  strengths. 


Ingredients. 


NitTOf^ljToerin 

(ombastible  material* 

Sodium  nitrate 

i'alcinm  or  mOcneBlum  carbonate 


1 

30  per  35  per 

40  per 

oent. 

cent. 

cent. 

30 

35 

40 

17 

16        15 

53 

48        44 

1 

1  '        1 

100 

100 

100 

15  per  50  per 
cent. ;  cent. 

1 

55  per 
cent. 

60  per 
cent. 

4.)         50 

14         14 

40         3.5 

1           1 

55 

13 

23 

1 

100 

60 
16 
23 

1 

100       100 

100 

•  CoQsiating  of  wood  pulp,  flour,  and  sulphur  for  grades  below  40  iier  cent ;  wood  pulp  only  for  other  grades. 

The  rates  of  detonation  of  30  per  cent  and  60  per  cent  ** straight" 
nitroglycerin  dynamites  have  been  found,  by  tests  at  the  Pittsburgh 
station,  to  be,  respectively,  4,548  meters  (14,920  feet)  and  6,246 
meters  (20,490  feet)  per  second. 

The  ^'straight''  nitroglycerin  dynamites  as  a. class  develop  greater 
disruptive  force  than  any  of  the  other  commercial  types  of  explosives 
tested,  and  for  this  reason  they  should  be  used,  whenever  the  condi- 
tions permit,  for  producing  shattering  effects  or  for  blasting  very  tough 
or  hard  materials. 

LOW-FBEEZING  DYNAMITES. 

K  the  *' straight'*  nitroglycerin  dynamites  are  found  to  be  too 
violent  for  certain  classes  of  work,  the  low-freezing  dynamites  or  the 
ammonia  dynamites,  which  have  lower  rates  of  detonation  and  hence 
less  disruptive  effect,  may  be  used  to  advantage.  The  following 
table  shows  typical  compositions  of  low-freezing  dynamites: 

Compositions  of  low-freezing  dynamites  of  various  strengths. 


Ingredients. 

aoper 

oent 
■trength. 

35  per 

cent 

strength. 

40  per 

cent 

strength. 

45  per 

cent 

strength. 

50  per 

cent 

strength. 

38 
12 
14 
35 

1 

55  per 

cent 

strength. 

60  per 

cent 

strength. 

NitTOf^lycerin 

23 

7 
17 
53 

1 

26 

9 

16 

48 

1 

30 
10 
15 
44 

1 

34 
11 
14 
40 

1 

41 
14 
15 
29 

1 

100 

45 

NitroBubstituUon  compounda... 
Combofltibke  material « 

15 
16 

Sodium  nitnte 

23 

Calcium  or  ma^eaium  carbon- 
ate  ." 

1 

100 

100 

100 

100 

100 

100 

•  Composition  similar  to  that  in  the  ''straight"  nitroglycerin  dynamites. 


8 


SELECTION   OF  EXPLOSIVES. 


The  low-freezing  dynamites  have  the  advantage  of  not  freezing 
until  exposed  to  a  temperature  of  35^  F.  or  less,  but,  like  all  nitro- 
glycerin explosives,  after  they  become  frozen  they  must  be  thawed 
before  use  in  order  to  insure  the  most  effective  results. 


AMMONIA  D YK AMITE  S. 

The  ammonia  dynamites,  compared  with  the  other  dynamites, 
have  the  disadvantage  of  taking  up  moisture  very  readily,  because 
ammonium  nitrate  is  deUquescent,  and  care  should  be  observed  whom 
they  are  stored  or  used  in  wet  places. 

The  following  table  shows  typical  compositions  of  ammonia 
dynamites: 

Compositions  of  ammonia  dynamites  of  various  strengths. 


Ingredients. 


Nitroglycerin 

Ammonium  nitrete 

Sodium  nitrate 

Combustible  material  o 

Calcium  carlx>nate  or  zinc  oxide 


30  per 

35  per 

40  per 

50  per 

cent 

cent 

cent 

cent 

strength. 

strength. 

strength. 

strength. 

15 

20 

22 

27 

15 

15 

20 

25 

51 

48 

42 

36 

18 

16 

15 

11 

1 

1 

1 

1 

100 

100 

100 

100 

60  per 

cent 

strenifth. 


ST) 
30 
24 
10 
1 


100 


o  Composition  similar  to  that  In  the  "straight"  nitroglycerin  dynamites  of  the  grades  below  40  per  cent. 

GELATIN  DYNAMITES. 

The  gelatin  dynamites  have  been  used  to  a  large  extent  in  wet 
blasting,  as  in  the  removal  of  obstacles  to  navigation  and  in  deep 
workings,  and  as  a  general  rule  arc  best  suited  for  these  purposes. 
In  the  manufacture  of  these  dynamites  the  nitroglycerin  is  gelatinized 
by  the  addition  of  a  small  percentage  of  nitrocellulose.  The  jelly- 
like mass  thus  formed  is  impervious  to  water.  By  the  addition  of 
different  percentages  of  suitable  absorbents  the  various  grades  of 
these  d\Tiamites  are  made. 

The  following  compositions  are  examples  of  gelatin  dynamites 
generally  offered  for  sale  in  this  country: 

Compositions  of  gelatin  dynamites  of  various  strengths. 


Ingre<lipnts. 


Nitroglycerin 

NitRKelhilo'u* 

Boiiiiim  nitrate 

Conbiij-tible  mntprialo 
Calcium  car  bona  le 


30  per 

cent 
strength.  •  s 


35  per        40  per 

cent  cent 

itrength.   strength. 


23.0 

0.7 

62.3 

13. 0 

I.O 


100.0 


28.0 

0.9 

58.1 

12.0 

1.0 


33.0 

1.0 

62.0 

13.0 

1.0 


50  per 

55  per 

1 
00  per 

cent 

cent 

cent      1 

strength. 

strength. 
40.0 

strength. 

42.0 

50.0 

1.5 

1.7 

1.9 

45.5 

42.3 

38.1 

10.0 

9.0 

9.0 

1.0 

1.0 

1.0 

70  per 

cent 

strength. 


GO.O 
2.4 

29.  G 
7.0 
1.0 


100.0  I        100.0 


100.0  I 

I 


100.0 


100.0 


I 


100. 0 


a  Wood  pulp  is  u.sed  in  fiO  and  in  70  per  cent  strength  gelatin  dj-namlte.  Sulphur,  flour,  wood  pulp,  and 
pometimes  resin  are  used  In  other  grades.  Some  manufacturer's  replace  a  small  percentage  of  the  niln>- 
glycerin  in  these  gr;vle«?  with  an  etjnal  amount  of  ammonium  nitrate.  This  replacement,  however,  offers 
litlle,  if  any,  ad\  untago  other  than  reducing  the  cost  of  xmmufaclure. 
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EXPLOSIVES    USED   IN    MINING   AND    TUNNELING 

OPERATIONS. 

» 

It  is  generally  recognized  that  in  driving  tunnels,  sinking  shafts, 
and  in  removing  hard  rock  in  metal  mining,  explosives  having  a  high 
disruptive  force  are  preferable.  In  work  of  this  kind  the  cost  of  drill- 
iog  holes  is  an  important  item.  It  has  been  found  more  economical 
to  dnll  a  few  holes  and  to  load  them  with  an  explosive  of  high  dis- 
ruptive force  than  to  drill  a  number  of  holes  and  use  weaker  and 
cheaper  explosives.  It  is  important  that  explosives  used  in  this  class 
of  work  should  produce  the  minimum  amount  of  poisonous  gases. 

From  what  has  been  said  about  the  composition  and  the  charac- 
teristics of  the  different  classes  of  explosives,  it  is  evident  that  black 
blasting  powder,  granulated  nitroglycerin  powders,  low-freezing  dyna- 
mites, and  ammonia  dynamites  would  not  be  suitable  or  satisfactory 
for  use  in  work  of  this  kind,  for  they  do  not  develop  the  requisite 
disruptive  force;  furthermore,  these  explosives,  in  common  with  the 
straight  nitroglycerin  dynamites,  produce  poisonous  gases  which 
vitiate  the  atmosphere  of  the  working  places. 

PB0DTJCT8  OF  EXPLOSION. 

At  the  Pittsburgh  testing  station  the  Bichel  pressure  gage,*  used 
for  determining  the  theoretical  maximum  pressures  developed  by 
explosives,  is  also  used  for  collecting  the  gaseous,  liquid,  and  soUd 
products  of  explosion.  The  same  method  is  used  in  preparing  the 
charge  and  firing  as  in  determining  the  maximum  pressures  devel- 
oped, except  that  the  indicator  mechanism  then  used  is  replaced  by  a 
pressure  gage.  After  the  charge  has  been  fired,  the  gases  are  allowed  to 
cool  for  30  minutes,  the  pressure  is  recorded,  and  the  volume  of  gases 
at  standard  temperature  and  pressure  (0°  C.  and  760  mm.)  is  com- 
putwl.  A  differential  sample  of  the  gases  is  then  taken  over  mercury 
by  allowing  the  gases  to  escape  gradually  from  the  gage.  The  results 
of  tests  of  various  classes  of  explosives  are  tabulated  below.  A 
charge  of  200  grams  of  the  explosive  in  its  original  wrapper  was  used 
ill  all  tests,  except  with  black  blasting  powder,  which  was  fired  in 
charges  of  300  grams. 

d  For  a  deacription  of  Ihe  Bichel  gage,  see  Dull.  15,  Bureau  of  Mines,  p.  103. 
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Combustion  produtis  resulting  from  tests  of  explosives  in  thin  paraffined  paper  wvapper*k.^ 

(A.  L.  Hyde,  analyst.] 


1 1 


Class  and  (^de 
of  explosive. 


o 


mm 

B 

a 

s 

o 


Weight  of  prod- 
ucts of  oombns- 
tkm  (grams). 


If 


ao per  cent  "straight 
nitroglycerin     dy- 
namite  

40  pnr  Cent  "straight" 
nitroglycerin  dy- 
namite  

JiO  percent  "straight'' 
nitroglycerin  dy- 
namite  

60  per  cent  "straight" 
nitroglycerin  dy- 
namite 

60  per  cent  strength 
low-ftec2ing  d^nia- 
mlto 

40  per  cent  strength 
ammonia  dyna- 
mite  

40  per  cent  strength 
gelatin  dynamite  . . 

5    per  cent  granu- 
lated nitroglycerin 
(owder  b. 


.pc 

FfF   black  blasting 
powder i  (e) 


O 


I 


6     96.8 

6  107.4 

Gt  124.6 

143.5 

161.5 

0     95. 
6     9G.3 


102.1 

87.1 

70.3 

49.0 

43.5 

85.9 
96.3 
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Gaseous  products  (percent  by  volume). 


I 

a 


§ 

6 

a 


6   115. 5|    98.6.      S.3,    51.3 


154.4.  126.9 


12.9 

12.4 

14.7 

11.9 

3.9 

26.1 
11.7 


22.9 

27.3 

24.4 

22.2 

8.9 

41.4 
50.8 


4.1     40.7     10.8 


28.4 

26.9 

31.2 

34.6 

47.4 

3.8 
3.0 

2.7 


o 


0.0 

.0 

.0 

.0 

.0 

.0 
.0 

.0 


I 


o 

s 


20.6.  0.7 

18.0 

20.7 

23.2 

31.0 


3.1 

1.8 

.9 


.0,      1.8 


S 
I 


.8 
.6 


27.4 
27.4 
23.0 
19.2 
12.1 


Solids  (per 
cent). 


I 

1 
r 

m 


.8     45.5     5.4 

I 


.8     39.5 


.7     28.7 
.6:    28.4 


4.1 

15.7 

8.7 


2 

s 
o 

GO 


88.00 

86.73 

79.14 

68.53 

78.76 

86.03 
87.32 

78.00 
91.20 


2 


12.00 

13.27 

20.86 

31.47 

21.24 

13.97 
12.68 


I 
1 


> 


85.8 

68.5 

105.5 

128.9 

100.5 

65.6 
00.3 


I 


22.00;    61.0 

8.80!    67.8 
J 

a  The  explosives  named  in  this  table  are  not  of  the  same  formulas  as  those  In  the  tables  on  pages  Sand  9. 

b  I*rimer  of  40  per  cent  "straight"  nitroglycerin  dynamite,  representing  10  per  cent  bv  weight  of  the 
cliari^e.  was  used,  but  the  gases  evolvetl  by  the  dvuamlte  were  deducted  In  the  computahons  of  the  vol- 
ume of  gas  (liters). 

•  Black-jiowder  igniter  used. 

The  test  results  tabulated  above  show  that  gelatin  dynamites  on 
detonation  produce  the  smallest  percentage  of  poisonous  gases  (carbon 
monoxide  and  hydrogen  sulphide).  However,  even  that  class  of 
explosives  is  far  from  being  satisfactory  in  this  respect.  Neverthe- 
less, the  gelatin  dynamites  are  largely  used  in  this  country  in  metal- 
mining  and  in  tunneling  operations. 

The  ventilation  in  many  metal  mines  and  tunnels  is  defective,  and 
yet  the  use  of  large  quantities  of  explosives  is  necessary.  Numerous 
accidents  in  deep  workings  have  occurred  from  air  vitiation  caused 
by  the  poisonous  gases  evolved  by  detonating  explosives.  In  one  of 
the  large  western  engineering  projects  9  men  recently  were  killed  by 
the  poisonous  gases  produced  on  the  explosion  of  40  per  cent  strength 
gelatin  dynamite. 

Soon  after  this  accident  the  Bureau  of  Mines  began  studies  of  the 
noxious  gases  evolved  on  the  detonation  of  explosives  in  order  to 
discover  whether  the  composition  of  explosives  could  be  improved  so 
as  to  increase  safety  in  mining  operations. 
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FORXUIiA  FOB  A  MINE  SZPLOSIVE. 

From  the  foregoing  statement  it  is  evident  that  the  only  two  classes 
(»f  available  explosives  that  develop  the  disruptive  force  required  in 
removing  hard  rock  in  metal-mining  and  tunneling  work  are  *  *  straight' ' 
nitroglycerin  dynamites  and  gelatin  dynamites.  To  construct  well- 
balanced  formulas  for  the  ** straight"  nitroglycerin  dynamites  it  is 
necessary  to  reduce  the  percentage  of  combustible  materials  in  order 
that  there  may  not  be  a  deficiency  of  oxygen.  This  reduction  can 
be  accomplished  by  replacing  the  wood  pulp  in  the  higher  grades  of 
these  explosives  with  some  inert  material  having  a  great  absorbing 
capacity,  such  as  magnesium  carbonate  or  kieselguhr  (infusorial 
earth),  but  as  this  method  materially  decreases  the  eflSciency  of  the 
e2q)losive  by  reducing  the  quantity  of  active  matter,  it  was  thought 
advisable  to  conduct  experiments  with  gelatin  dynamites,  which  do 
not  require  combustible  material  for  absorbing  the  nitroglycerin. 

Several  samples  of  40  per  cent  strength  gelatin  dynamite  were 
procured  from  diflferent  manufacturers.  All  these  samples  produced 
poisonous  gases  on  detonation,  the  percentage  of  carbon  monoxide 
varying  from  3  to  5.7  per  cent  and  of  hydrogen  sulphide  from  0.7  to 
4.1  per  cent. 

The  formulas  for  gelatin  dynamites  given  on  page  8  seem  to  pro- 
vide for  sufficient  oxygen  in  the  sodium  nitrate  to  completely  oxidize 
the  combustible  materials,  and  for  this  reason  all  the  formulas  are 
said  to  be  well  balanced.  However,  the  gage  tests  showed  that 
quantities  of  hydrogen  sulphide  were  evolved  on  detonation  and 
remained  in  the  permanent  gases.  The  sulphur  used  in  the  gelatin 
dynamites  was  held  responsible  for  this  result,  and  its  elimination 
as  an  ingredient  was  necessary.  The  result  of  further  investigations 
showed  that  paper  wrappers  heavily  coated  with  paraffin,  used  in 
connection  with  the  explosive  and  representing  a  comparatively  large 
percentage  by  weight  of  combustible  material,  had  not  been  given 
tlue  consideration  by  the  manufacturers  of  explosives.  It  was 
believed  that  by  slightly  increasing  the  percentage  of  the  sodium 
nitrate  sufficient  oxygen  would  be  provided  to  completely  oxidize  the 
J^ydrogen  and  carbon  contents  of  the  paper  wrapper. 

As  a  result  of  the  investigations  a  quantity  of  40  per  cent  strength 
gelatin  dynamite  was  manufactured  according  to  the  following 
formula : 

Special  formula  for  40  per  cent  strength  gelatin  dynamite. 

Nitroglycerin 33 

Nitrocelluioee 1 

Sodium  nitrate 54 

Combustible  material « 11 

Calcium  carbonate 1 

100 
a  Flour. 
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The  products  of  combustion  were  collected  in  tlje  gage,  200 
grains  of  the  explosive  in  the  original  wrapper  being  used  under  the 
same  conditions  as  in  previous  tests.  The  wrapper,  like  those  of 
explosives  previously  tested,  was  paper  coated  with  paraffin.  The 
results  of  tests  made  with  this  explosive  are  shown  in  the  following 
tables : 

Combustion  products  resulting  from  tests  of  special  40  per  cent  strength  gelatin  dipfutmiu. 

[Analyst  A.  L.  Hyde.] 
WBIQHT  OP  PRODUCTS,  GRAMS. 

Gaseous 85. 5 

Solids 102.3 

Liquid 13. 2 

GASEOUS  PRODUCTS,  PER  CENT  BY  VOLUME. 

Carbon  dioxide 61. 0 

Carbon  monoxide 0 

Oxygen 9 

Hydrogen 0 

Methane 7 

Nitrogen 47. 4 

Hydrogen  sulphide 0 

100.0 

SOLIDS,  PER  CENT. 

Soluble 92.10 

Insoluble 7. 90 

100.00 

It  will  be  noted  that  the  above  modified  formula  for  40  per  cent 
strength  gelatin  dynamite  on  detonation  in  metal  gages  did  not 
evolve  poisonous  gases.  However,  the  question  was  raised  as  to 
whether  such  gases  might  not  be  evolved  when  large  quantities  of 
the  explosive  were  detonated  under  actual  mining  conditions.  It 
was  then  decided  to  supplement  the  gage  tests  by  tests  in  mines. 

MINE  TESTS. 

In  taking  samples  of  mine  air  after  blasts  with  the  older  dynamites 
it  was  necessary  for  the  investigators  to  use  a  breathing  apparatus. 
The  samples  were  taken  by  air  displacement  by  means  of  small  bel- 
lows, which  was  emptied  and  filled  fifty  times. 

TESTS  IX  A  LIMESTONE   MINE. 

The  first  experiments  were  carried  out  in  a  limestone  mine  at  West 
Winfield,  Pa.  W.  O.  Siiclling,  consulting  chemist  of  the  Bureau  of 
Minos,  cooperated  in  the  experiments.  As  the  limestone  in  the 
mine  mentioned  was  mined  by  the  room-and-pillar  method,  the  pro- 
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eedure  followed  was  to  shoot  the  rock  "off  the  solid"  with  four  or 
more  shots,  dependiog  on  the  width  of  the  face  worked  (figs.  1  and  2). 


••*— 48— 


Scale 
12S4607S9  10   Feet 


FiovBE  1. — Arrangement  of  drill  boles  in  experiments  in  a  limestone  mine.    Plan. 

This  necessitated  the  use  of  different  quantities  of  explosives  in  the 
different  working  places.     No.  6  electric  detonators  were  used,  and 
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Fir.L'RE  2. — Arrangement  of  drill  holes  in  experiments  in  a  limestone  mine,     rosition  of  lioles  in  front 

elevation  A-B  of  face. 

the  shots  were  connected  in  series  and  fired  at  one  time.     The  results 
of  the  tests  are  tabulated  on  the  page  follo^\'iIlg. 
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Results  of  tests  with  different  classes  of  explosives  in  a  limestone  mine  at  West  Winfieldy 

• 

Pa, 
lere 

aasi  and  grade 
of  explosive  used. 

Quantity 
of  explo- 
sive used 
(pound.s). 

Location  of 
blast. 

Where 

sample 

was  taken. 

Time  sample 
was  taken. 

Analyses  of  mine-atmospl 
samples.^ 

CO, 

CH4 
Os   CO     Ns    UtS  Hi   and 

i        .C«H« 

. 

r  Immediate  1  y 

2. 67  19. 53  0. 25  77. 44;  0. 0  0. 11 ,    0. 0 

40   per  cent 
strength  gelatin 
dynamite. 

103.5 

Room  5  off 
'*A"cn>ss 
entry. 

At  face  of 
room 
near 
roof. 

aftitr    firing 

bUkst. 
5  minutes  aftPT 

blast. 
10  minute's  af- 
.    ter  blast. 

1 

1.7519.73 
1 
.4320.31 

.12 
.10 

1       ! 
78.34'     .0   .06 

79.11      .0.  .05 

1 

.0 
.0 

Immediate  1  y 
aftnr    firing 

.25 

20.38 

.05 

79.29 

.0 

.03 

.0 

Do 

sg..") 

Room  1  off 
4th  cross- 
cut. 

...do 

blast. 

5  minutes  after 
blast. 

10  minutes  af- 
ter blast. 

.15 
.13 

20.70 
20.54 

.0 
.0 

79.15 
79.33 

.0 
.0 

.0 
.0 

.0 
.0 

1 
} 

Immediately     .37 

20.4.)     .0 

79.20 

.0 

.0 

.0 

New  40  por  cent 
stTPngtn  gelatin 
dynamite. 

28.  r> 

Room  10  off 
"D' cross- 
cut. 

...do 

after    firing                   1 
blast. 
10  minutes  af-     .10  20. 80     . 0 
ter  blast. 

79.10 

.0 

.0 

.0 

40  per   cent 
"straight"    ni- 
troglycerio    dy- 
namite. 

22.0 

"D"  cross- 
cut. 

...do 

Immediate  1  y 

after    firing 

blast. 
2  minutes  after 

blast. 
12  minutes  af- 

t^  blast. 

'1.65  20.40 

.27  20.4.5 
.08  20.80 

.40 

.15 
.0 

78.35 

78.87 
79.12 

.0 

.0 
.0 

.20 

.06 
.0 

.0 

.0 
.0 

a  G.  A.  Burrell,  analyst. 
TESTS    IN    A    ZINC    MINE. 

The  second  series  of  experiments  was  carried  out  in  a  zinc  mine 
at  Franklin  Furnace,  N.  J.  W.  O.  Snelling,  consulting  chemist  of 
the  bureau,  cooperated  in  the  tests.  The  headings  in  which  the  tests 
were  made  averaged  about  5  feet  in  width  and  7  feet  in  height.  In 
driving  these  headings  a  *'21-hole  cut''  was  used  (figs.  3  and  4). 
In  such  a  cut  the  first  shot  hole  a,  is  fired  in  the  center  of  the  face. 
It  is  known  as  a  ^'burning"  shot  and  is  not  intended  to  blast  out  any 
material  but  merely  to  form  a  crack  in  the  middle  of  the  face  or  so  to 
disintegrate  the  rock  that  when  the  first  round  of  shots,  holes  6  and  c,  is 
fired  the  material  will  be  blasted  out.  Holes  d  and  e  were  not  loaded. 
The  method  of  loading  and  firing  the  second,  third,  and  fourth  rounds 
of  shots  is  similar  to  that  generally  followed  in  metal  mines. 

The  holes  for  the  second  round  of  shots  were  spaced  as  shown  in 
figure  3,  the  holes  for  this  round  being  designated/,  g,  Ti,  and  i; 
the  holes  for  the  third  round  of  shots  were  spaced  in  accordance 
with  those  lettered  o,  ;>,  g,  r,  8,  t,  and  u  in  the  figure,  and  the  holes 
for  the  fourth  round  were  spaced  in  accordance  with  those  lettered 
7,  Tc,  I,  m,  and  n  in  the  figure.  The  depth  of  the  holes,  the  number 
of  cartridges  of  explosives  used  in  each,  the  length  of  drill  hole 
which  they  occupied,  the  length  of  drill  hole  occupied  by  the  stem- 
ming, and  the  free  portion  of  the  drill  hole  (that  portion  of  the  drill 
hole  that  is  in  front  of  the  stemming  and  not  occupied — see  fig.  4)  for 
the  third  round  of  holes  shot  with  the  new  40  per  cent  strength  gelatin 
dynamite  are  indicated  in  figures  3  and  4  and  in  the  table  following. 
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Details  of  tests  of  explosives  in  a  zinc  mine  at  FranhUn  Furnace^  N,  J. 


IToIe.a 

Number  of 

Depth  of 
drmholc. 

Inches. 

Explosive 

Stemming 

Free  por- 
tion ofdrill 
hole. 

cartridges. 

occupied— 

occupied— 

Inches. 

Inches. 

Inches. 

0 

6 

79 

44J 

H 

31 

P 

5 

76 

41 

10 

25 

9 

8 

87 

52 

8 

27 

r 

6 

80 

46 

9 

25 

« 

7 

86 

54 

5 

27 

I 

7 

89 

51 

13 

26 

tf 

8 

87 

59 

8 

20 

a  See  figure  3. 

Attention  is  called  to  the  comparatively  small  amounts  of  stem- 
ming used  in  front  of  the  charge  as  compared  with  the  largo  amounts 
of  explosives  used,  although  the  charging  was  done  by  an  experienced 
man  and  according  to  the  usual  practice  in  that  mine.  An  investiga- 
tion of  the  effect  of  stemming  on  the  efficiency  of  explosives  which 
is  now  in  progress  by  the  bureau  **  indicates  that  the  amount  of  stem- 
ming used  in  these  shots  was  not  sufficient. 

The  results  of  the  experiments  in  the  zinc  mine  are  shown  below: 

RauUs  of  tests  with  different  classes  of  explosives  in  a  zinc  mine  at  Franklin  Furnace^  N.  J, 


Analyses  of  mine-atmosphere 

Class  and  grade 

Quantity 
of  explo- 
sive used 
(pounds). 

Location  of 
blast. 

Where  sam- 
ple was 
taken. 

Time  sample 
was  taken. 

samples.  6 

o(  exploRive 

COi 

o, 

CO 

N, 

II,S 

Ht 

and 

20.20 

1 
1 

C«H* 

f         18.4 

400 -foot  lev- 

4 feet  from 

2  minutes  after 

1.80 

1 

0.0   78.00  O.OO.OC' 

0.00 

el,    500 

face,     5 

firing  blast. 

1 

Kew  40  per  cent 

crosscut 

feet 

strength  gela- 

east, third 

from 

tin  dynamite. 

round    of 

floor. 

1 

holes. 

( 

I         32.0 

Same    (4th 

...do 

do 

l.Z*: 

20.30 

.0   78. 4o 

.0'  .00 

.00 

round    of 

1 

holes). 

25.6 

450 -foot  lev- 
el,  800 
crosscut. 

...do 

do 

.65 

20.46 

.05 

78.84 

.0 

.00 

.00 

<0  per  ce  n  t  1 

third 

strength    am- 

round    of 

moBia    dyna- 

holes. 

mite. 

..do 

do 

4.45 

18.06 

.09 

76.90 

.0 

.00 

.00 

12.3 

Same    (4th 
roimd    of 
holes). 

68    fee  t 
from 
face,     5 
feet 
from 
floor. 

3  minut^^  after 
firing  blast. 

.59 

20.19 

.00 

79.27 

.    .0 

.00 

.00 

(450 -foot  lev- 

[4   feet 

2  minutes  after 

1.76 

20.17 

.11 

77.92     .0 

.04 

.00 

el,    north 

from 

firing  blast. 

1 
1 

*0  per  cent             ^'^ 

h  e  a  ding, 
second 

face,     5 
feet 

"Straight 'ni- 

round    of 

from 

* 

troplTwrin  dy- 

holes. 

floor. 

namite. 

35    feet 

4  minutes  after 

.98'20.5D 

.0 

78.48     .0 

.04 

.00 

from 

firing  blast. 

1 

face,     5 

1 
1 

feet 

from 

1 

' 

.    floor. 

1 

1 

a  See  Technical  Paper  17,  Bureau  of  Mines. 
57258**— 13 2 


b  G.  A.  Burrell,  analyst. 
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CONCLUSIONS. 

Tlio  mine  tests,  although  of  small  scope,  confirmed,  with  a  few  excep- 
tions, the  tests  made  in  the  pressure  gage.  The  odor  of  hydrogen 
sulpiride  was  noticeable  immediately  after  firing  some  of  the  explo- 
sives containing  sulphur,  but  the  chemical  analyses  of  the  mine-air 

samples  failed  to  disclose 
the  presence  of  an  appre- 
ciable quantity  of  tlus  gas. 
Several  days  intervened  be- 
tween the  taking  of  the 
samples  in  the  mine  and  the 
chemical  examinations  made 
of  them,  and  it  is  possible 
that  if  minute  quantities  of 
hydrogen  sulphide  were  col- 
lected in  any  of  the  samples, 
they  were  decomposed  by 
standing  so  long.  It  is 
worthy  of  note  that  in  all 
the  tests  the  explosives  were 
completely  detonated  and 
there  was  no  formation  of 
nitrogen  oxides. 

The  results  of  the  experi- 
ments indicate  that  all  gela- 
tin dynamites  should  be 
made  with  an  oxygen  excess 

FIGURE  3.-Arran^meat  o^f^drm^^^^^^^^^^  In  a  zinc  g^ffi^Jent   tO  completely  Oxi- 

dize  all  combustible  mate- 
rials present,  including  the  wrappers;  furthermore,  the  tests  show 
that  when  this  class  of  explosive  is  properly  and  completely  det- 
onated the  proportion  of  harmful  gases  evolved  is  reduced  to 
a  minimum.  However,  it  sliould  be  remembered  that  proper  con- 
ditions do  not  exist  if  there  has  been  any  chemical  or  physical 
change  in  the  explosive  or  if  it  is  fired  under  conditions  that 
cause  burning  or  incomplete  detonation.  When  the  explosive  has 
aged  to  such  an  extent  as  to  materially  decrease  its  sensitiveness, 
when  weak  detonators  are  used,  or  when  the  explosive  is  used  in  a 
frozen  or  partly  frozen  condition,  a  greater  quantity  of  poisonous 
gases  is  evolved. 

GASES  EVOLVED  IN  THE  BTTEKIKa  OF  EXPLOSIVES. 

To  determine  the  percentage  of  poisonous  gases  evolved  when  liigh 
explosives  bum,  a  charge  of  54^  grams  of  the  ''ordinary"  40  per  cent 
strength  gelatin  dynamite,  including  paper  wrapper,  was  ignited  by 
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fta  electric  igniter  in  the  pressure  gage  under  atmospheric  pressure. 
The  gage  was  closed  except  that  the  indicator-connection  hole  was  left 
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open  for  the  collection  of  samples  of  the  gaseous  products.     The  analy- 
sis ot  these  products  is  given  in  the  following  tabulation: 

AnaHy^  ofgtueoui  products  of  combustion. 

[A.  !>.  Hyde,  analyst.] 
Carbon  dioxide  10.  \ 

Oxygen 0 

Carbon  monoxide 13.  7 

Nitric  oxide  (NO) 11.3 

Hydrogen 4 

Methane 1.4 

Nitrogen 512 

Nitrogen  peroxide  (NO2) 6 

100.0 

It  is  to  be  noted  that  the  percentages  of  poisonous  gases  evolved, 
13.7  per  ceskt  of  carbon  monoxide  and  11.9  per  cent  of  nitrogen  oxides, 
^ow  an  increase  of  18.5  per  cent  over  the  percentages  from  the  same 
explosive  when  completely  detonated  in  gage  tests.     It  is  reasonable 
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to  suppose  that  the  results  would  be  the  same  if  the  explosive  burned 
and  did  not  detonate  under  actual  mining  conditions  in  the  blasting 
of  rock  and  similar  materials.  ^ 

CHEMICALS  PBOPOSED  FOB  NETJTBALIZINO  POISONOTJ8  GASES. 

In  order  to  neutralize  or  to  prevent  the  formation  of  poisonous  gases 
evolved  on  the  detonation  of  explosives  when  used  in  blasting  opera- 
tions, the  use  of  several  compounds  has  been  proposed.  The  com- 
pounds proposed  consist  of  oxygen-carrying  salts  or  of  mixtures  of 
alkaline  carbonates  or  bicarbonates^  camphor  (gum),  etc.  They 
have  been  offered  to  the  tnade  packed  in  cardboard  cartridge  shells 
weighing  about  1  ounce  each.  It  is  claimed  by  the  manufacturers  of 
these  compounds  that  if  one  cartridge  thereof  be  placed  in  the  back  of 
a  drill  hole  before  loading  a  charge  of  1^  pounds  of  40  per  cent 
dynamite,  its  action  wlien  the  explosion  occurs  will  prevent  the 
formation  of  all  poisonous  gases  or  will  neutralize  them. 

The  use  of  compoimds  that  have  oxygen-carrying  salts  might  offer 
some  advantages  with  explosives  deficient  in  oxygeiL  However,  such 
compounds  probably,  could  not  be  used  with  explosives  designed  for  use 
in  coal  mines.  If  the  compounds  entered  into  the  explosive  reaction 
and  thus  prevented  the  formation  of  carbon  monoxide,  the  increased 
volume  of  carbon  dioxide  formed  would  probably  be  accompanied 
l)y  a  larger  evolution  of  heat  and  the  liigher  flame  temperature  might 
eliminate  the  safety  features  of  the  explosive. 

Tests  in  coal  mines  have  shown  that  coal  drillings  in  a  shot  hole 
enter  into  the  explosive  reaction.  Moreover,  the  gaseous  products  of 
blasts  in  coal  contain,  for  any  explosive,  more  carbon  monoxide  and 
less  carbon  dioxide  than  the  products  of  explosion  tests  in  metal  gages. 

The  following  tabulation  gives  the  results  of  analyses  of  the  gases 
produced  from  black  blasting  powder  when  fired  imder  the  usual 
conditions  in  a  metal  gage,  and  also  under  actual  coal-mining 
conditions : 

Results  of  analyses  of  gaseous  products  of  explosion  of  black  blasting  powder. 


Gage  tests,  a 


Constituents. 


Cartridges 

without 

paper 

wrapper. 


Carbon  dioxide 

Carbon  monoxide. . 

Oxygen 

Hydrogen 

Methane 

Nitrogen 

Hydrogen  sulphide 


49.7 

10.8 

.0 

1.8 

.6 

28.4 

8.7 


100.0 


Cartridgea 

with  paper 

wrapper. 


44.9 
13.2 

.0 
4.2 

.4 
27.3 
10.0 


Mine  te6tB.fr 

Cartridges 

with  paper 

wrapper. 


19.2 
28.2 

.0 
10.0 

.4 

35.4 

6.8 


100.0 


T 


100.0 


a. \.  L.  Hyde,  analyst.  ,       ^  ,  ^  ,.     .».  i    <  »     a*. 

6  0.  A.  Burrell,  analyst.  The  samples  were  taken  from  crevices  caused  by  the  explosion.  Xs  4h» 
crevice  gases  are  diluted  with  air,  the  mine  samples,  for  comparison  with  the  gage-test  results,  were  com- 
puted on  an  air-free  basis:  that  is,  the  oxygen  content  was  eliminated  and  a  corresponding  percentage 
of  nitrogen  (according  to  the  proportion  in  normal  air)  was  .subtracted.  Also,  the  proportion  of  methane 
distilled  or  pressed  out  of  the  coal  was  subtracted  to  make  the  methane  percentage  correspond  to  that 
of  the  gage  samples. 
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The  results  tabulated  indicate  that  any  chemical  containing  suffi- 
cient oxygen,  if  associated  with  the  explosive  charge  in  the  drill  hole 
in  a  similar  v^ay,  would  tend  to  reduce  the  formation  of  carbon 
monoxide  and,  accordingly,  minimize  some  of  the  poisonous  gases 
formed.  Obviously,  if  the  chemical  could  be  intimately  associated 
with  the  ingredients  of  the  explosive,  a  more  complete  reaction 
would  result,  but  as  this  procedure  is  impracticable  in  loading  charges 
of  explosives  and  as  the  user  of  explosives  would  not  know  the 
exact  amount  to  use  with  different  brands  of  explosives,  the  value 
of  using  chemicals  of  this  kind  in  mining  operations  is  questionable. 

It  has  been  stated  that  explosives  can  be  manufactured  for  tun- 
neUng  and  for  metal  mining  that  do  not  produce  poisonous  gases 
when  completely  detonated.  Complete  combustion  can  be  assured 
if  the  manufacturers  use  a  quantity  of  the  oxygen-carrying  salts 
sufficient  to  oxidize  completely  all  the  combustible  ingredients  of 
the  explosives,  including  paper  wrappers.  Explosives  so  consti^ 
tuted  would  not  require  the  use  of  auxiliary  materials. 

Compounds  containing  alkaline  carbonates,  bicarbonates,  cam- 
phor (gum),  etc.,  proposed  for  use  in  preventing  the  formation  of 
poisonous  gases  are  equally  unsatisfactory.  It  has  been  pointed  out 
that  explosives  on  burning  produce  nitrogen  oxides  and  that  the 
presence  of  alkaline  carbonates  or  bicarbonates  may  tend  to  neutral- 
ize to  some  extent  the  poisonous  gases.  However,  as  the  nitrogen 
oxides  are  not  formed  when  the  explosives  are  completely  detonated 
and  as  the  complete  detonation  of  explosives  can  be  brought  about 
by  the  use  of  a  detonator  of  the  proper  kind,  it  is  unnecessary  to  resort 
to  the  use  of  these  compounds.  When  using  compounds  of  this  kind 
the  miner  has  often  been  misled  by  the  pleasant  aromatic  odor  often 
noticeable  in  the  working  places  after  a  blast.  A  series  of  tests  with 
the  compoimds  was  undertaken  to  determine  whether  their  use  would 
render  less  noxious  the  gaseous  products  of  an  explosion  of  dynamite. 

The  compound  used  in  the  tests  was  a  fine  crystalUne  powder 
packed  in  a  cardboard  cartridge  shell  which  was  crimped  at  each 
end  over  a  cardboard  wad.  Tlie  average  weight  of  the  ingredients 
of  each  cartridge  was  13.6  grams,  the  cardboard  cartridge  shell  or 
wrapper  weighing  9.6  grams.  The  materials  used  were  said  to  be 
ammonium  carbonate,  sodium  bicarbonate,  cliloride  of  lime,  and 
gum  camphor.  The  result  of  a  chemical  analysis  of  tlie  compound, 
as  used,  was  as  follows : 

Results  of  analysis  of  a  neutral iring  compound. 

[C.  0.  Storm,  analyst.] 
Moisture 4. 01 

•  Camphor  gum 9.  33 

Sodium  bicarbonate 14.  62 

Sodium  chloride 9.  30 

Ammonium  carbonate 42.  88 

Calcium  carbonate 19. 86 

100.00 
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It  was  evident  that  certain  reactions  had  taken  place  after  the 
compound  had  been  made.  The  chlorine  of  the  chloride  of  lime  had 
been  liberated  and  was  combined  as  sodium  chloride.  There  was 
evidence  that  other  reactions  had  taken  place,  but  they  were  not 
beUeved  to  be  such  as  to  have  affected  materially  the  value  of  the 
composition  for  the  purpose  intended.  In  the  tests  various  mixtures 
of  the  compound  and  40  per  cent  '* straight"  nitroglycerin  dynamite 
were  used.  The  prepared  charges  were  fired  by  No.  6  electric  deto- 
nators in  a  metal  gage  from  which  practically  all  of  the  air  had  been 
pumped  by  a  vacuum  pump.  After  the  gases  within  the  gage  had 
cooled,  their  temperature  and  pressure  were  read,  their  we^ht  in 
grams  and  their  volume  in  Uters  being  then  computed.  A  differ- 
ential sample  of  the  gaseous  products  of  combustion  was  procured 
by  collecting  the  gas  as  it  escaped  through  the  gage  valve.  The 
percentage  by  volume  of  tlie  gaseous  products  of  combustion  and 
the  quantity  in  liters  of  each  of  the  gases  evolved  are  given  in  the 
following  table  in  which,  for  convenience  in  reporting  the  results, 
the  tests  arc  designated  A,  B,  C,  D,  E,  and  F. 

ReaulU  of  UsU  o/mirtiires  of  dynamite  and  a  neutralizing  compound. 


WeifctLtof 
original 
wrapper 
per  100 
grains  of 
explosive 
Ingre- 
dient. 

Weight 
ofcom- 
poond 
used,  in- 
cluding 
cardbowrd 
wrapper. 

Total 

weight  of 

chaiKC. 

GaaeouB  products  of  combustion,  per  < 

volume.* 

cent  by 

Test  designation. 

co^ 

Of, 

CO. 

2.2 
18.0 
18.9 
25.0 
20.4 
17.7 

CH<. 

Ni. 

A 

OTttms. 
None. 
6.2 
6.2 
6.2 
6.2 
6.2 

Cfmmt. 
None. 
None. 
7.2 

23.8 
7.2 

/4.2 

»206.O 
e212.4 
e2t9.6 
e236.2 
C219.6 
c  217.1 

51.4 
27.3 
26.6 
20.7 
34.5 
28.2 

0.0 
.0 
.0 
.0 
.0 
.0 

5.0 
26.9 
28.2 
31.5 
2B.5 
25.5 

0.3 
.4 
.5 
.7 
.6 
.4 

41.1 

B 

27.4 

c«i 

26.8 

V* 

22.1 

E  « 

26.0 

F/ 

28.2 

COMPUTATIONS  BASED  ON  THE  ABOVE  RESULTS  OF  TESTS. 


Test  designation. 

Weigl)t 
of  gas. 

Volume 
of  gas. 

Volume  of  tho  gaseous  products  of  eombastloa. 

C0» 

0,. 

CO. 

H* 

CRi. 

N^ 

A 

OraiM. 
88.4 
107.4 
111.1 
124.0 
108.2 
108.8 

LUeT8. 
55.6 
87.0 
91.7 
112.2 
91.3 
87.4 

Liters. 
2H.6 
23.8 
23.5 
23.2 
22.4 
24.6 

Liters. 
0.0 
.0 
.0 
.0 
.0 
.0 

Liters. 
2.8 
23.4 
2&9 
35.3 
26.0 
22.3 

Liters. 
1.2 
15.7 
17.3 
28.0 
18.6 
15.5 

Liters. 
0.2 
.3 
.5 
.8 
.5 
.3 

LHrrn. 

22.9 

B 

23  8 

C 

24.8 

D 

24  8 

E 

23  7 

F 

24.6 

o  A.  L.  Hydo,  analyst. 

h  Includes  the  6-gram  tinfoil  wrapper. 

c  With  the  original  paper  wrapper  weighing  12.4  grams. 

d  The  cardboard  wrapjier  of  the  compound  was  cut  into  small  pieces  and  together  with  the  compound 
wp-s  thoroughly  mixed  with  the  explosive  ingredients. 

e  To  simulate  average  mining  conditions,  7.2  grama  of  the  compound,  including  the  oardbMid  wrapper. 
was  placed  at  tho  end  of  the  explosive  charge  opposite  the  end  in  which  the  electric  detonator  was  placed. 

/  Made  under  the  same  conditions  present  in  test  E, except  that  the  cardboard  wrapperof  the  compound 
was  ivplaoed  by  a  tinfoil  wrapper  ^"elghing  0.5  gram. 
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Lc^cal  conclusions  from  the  results  of  the  tests  are  that  com- 
poonds  of  this  kind  offer  no  advantage  in  preventing  or  neutralizing 
the  poisonous  gases  evolved  on  the  detonation  of  explosives;  that  the 
heavy  cardboso^  wrapper  used  is  responsible  for  an  increase  in  the 
percentage  of  csurbon  monoxide  formed,  and  that  if  such  a  compound 
is  used  as  reconunended  by  the  manufacturer  its  use  will  produce  a 
greater  rather  than  a  less  amount  of  poisonous  gases. 

EZPLOSIVfiS  FOB  USE  IN  GASEOUS  OB  DUSTY  COAL  MINES. 

PERMISSIBLE   EXPLOSIVES. 

Explosives  suitable  for  use  in  gaseous  or  dusty  coal  mines  differ 
greatly  from  those  previously  mentioned  in  this  paper.  In  addition 
to  possessing  the  requisite  quaUties  of  strength  and  efficiency  in 
breaking  down  coal,  they  should  be  of  such  a  composition  as  to 
produce,  on  explosion,  a  relatively  short  flame  of  relatively  low 
temperature. 

To  accomplish  this  result,  free  water  or  an  excess  of  carbon  are 
added  to  some  of  the  coal-mining  explosives,  and  others  contain 
flame-reducing  salts.  To  determine  whether  an  explosive  is  satis- 
factory requires  careful  testing.  To  carry  out  such  tests  the  Bureau 
of  Sriines  has  installed  at  its  Pittsburgh  testing  station  suitable 
equipment,  including  a  large  steel  cylinder  or  gallery  which  can  be 
filled  with  fire  damp  or  coal  dust  and  air  in  any  desired  proportion. 

Explosives  that  pass  certain  tests  and  that  are  used  in  accord- 
ance with  the  conditions  prescribed  by  the  bureau  are  called  per- 
missible explosives  and  are  recommended  for  use  in  coal  mines. 

The  underlying  reasons  why  one  explosive  passes  and  another  fails 
when  tested  in  the  presence  of  gas  and  dust  have  been  investigated 
at  the  Pittsburgh  testing  station.  The  results  of  the  researches, 
especially  those  on  explosives  that  failed  to  pass  the  prescribed  tests, 
have  been  reported  to  the  manufacturers,  who  have  in  nearly  all  cases 
so  changed  and  perfected  their  explosives  that  later  when  new  explo- 
sives were  submitted  all  the  requirements  of  the  bureau  have  been 
successfully  met.  The  results  of  tests  indicate  that  every  explosive 
if  fired  in  very  large  quantities  will  cause  ignition  of  gas  and  coal-dust 
mixtures.  An  arbitrary  charge,  li  pounds,  has  been  established  as 
the  quantity  of  explosive  to  be  used  in  making  tests,  and  all  explosives 
in  order  to  be  placed  on  the  permissible  list  must  pass  the  gas-and- 
dust  test  with  this  charge.  A  charge  of  1^  pounds  per  drill  hole 
should  never  be  exceeded  in  practice.  In  good  mining  practice  the 
charge  need  not  exceed  1  pound,  an  amount  that  provides  a  greater 
factor  of  safetv. 

In  order  to  ignite  inflammable  gas  and  coal-dust  mixtures  a  certain 
temperature,  acting  through  a  certain  length  of  time,  is  required. 
Furthermore,  the  flame  temperature  of  all  explosives  on  detonation 
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exceeds  the  ignition  temperature  of  inflammable  gas-and-dust  mix- 
tures, but  fortunately  the  flame  of  the  permissible  explosives,  when 
properly  detonated,  is  of  such  short  duration  that  the  inflammable 
mixtures  are  not  ignited.  It  is  evident  that  any  factor  that  increases 
the  duration  of  the  flame  temperature  of  a  permissible  explosive,  such 
as  the  use  of  a  weak  detonator  or  the  use  of  any  explosive  in  ways  not 
in  accordance  with  those  prescribed  by  the  Bureau  of  Mines,  may 
increase  the  danger  in  its  use. 

Permissible  explosives  are  now  being  used  in  every  coal-mining 
State  in  the  Union.  In  1909  there  was  8,592,000  pounds  of  permis- 
sible explosives  used  in  this  country.  In  1910  the  amount  used 
reached  11,900,000  pounds,  and  in  1911  the  amount  aggregated 
13,428,000  pounds. 

EXPLOSIVES  USED  IN  SUBMARINE  OPERATIONS. 

At  the  request  of  T.  P.  Roberts,  assistant  United  States  engineer, 
the  explosives  section  of  the  bureau  b^an  an  investigation  to  deter- 
mine the  cause  of  failures  of  certain  shots  in  December,  1911,  in  con- 
nection with  the  blasting  of  rock  in  the  bottom  of  the  Monongahela 
River  at  Lock  No.  1,  Pittsburgh,  Pa. 

METHOD  OF  BLASTING  FOLLOWED  AT  LOCK  NO.  1,  MONONGAHELA 

BIVBK. 

The  procedure  followed  was  found  to  be  similar  to  that  ordinarily 
employed  in  submarine  excavating.  A  drill  boat  was  moored  over 
the  rock  by  means  of  adjustable  logs  and  by  mooring  lines  attached  to 
the  shore,  and  the  holes  were  drilled  in  the  underlying  rock,  a  hard 
shale,  by  2J-inoh  steel  drills  guided  by  long  iron  pipes  4  inches  in 
diameter.  On  December  19,  1911,  the  depth  of  the  water  where  tha 
work  was  being  cond\icted  was  10  to  13  feet,  depending  on  the  eleva- 
tion of  the  bottom  of  the  river.  At  the  time  of  the  failures  reported 
the  sti^e  of  the  river  was  lower.  The  sediment  and  drillings  that 
accumulated  in  the  4-inch  pipes  during  drilling  were  removed  at  inter- 
vals by  means  of  an  iron  gooseneck  pipe  1  inch  in  diameter.  After 
the  holes  had  been  drilled  to  the  required  depth  they  were  loaded  with 
40  per  cent  low-freezing  dynamite  by  lowering  chaises  through  the 
4-inch  pipes.  '^Throe  to  five  1 J  by  8  inch  cartridges  were  generally  used 
in  each  hole;  the  last  stick  was  made  into  a  primer  containing  ono 
No.  6  electric  detonator  with  12-foot  wires.  Tallow  was  used  to  seal 
the  cartridges  in  order  to  prevent  the  absorption  of  water  by  the 
explosives.  All  of  the  splicing  of  the  logi&  of  the  detonators  to  each 
other  and  to  the  leading  wires  was  well  insulated.  After  the  holes, 
usually  13  for  a  blast,  had  been  charged,  the  iron  pipes  were  carefully 
removed  and  the  wires  connected  in  series.  The  drill  boat  was  then 
floated  dowuslream  to  a  safe  position  and  the  leading  wires  were  con- 
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nected  to  a  No.  3  push-down,  two-pole  firing  machine.  Before  firing, 
the  explosives  and  detonators  remained  for  one-half  to  one  hour  in 
the  water,  the  temperature  of  which  at  the  time  of  inspection  was 
1°  C.  (34**  F.). 

It  was  stated  that  during  the  work  of  excavating,  286  holes  had  been 
fired  and  5  failures  had  occurred,  2  in  one  set  and  3  in  another.  The 
first  failure  occurred  on  December  6.  A  set  of  13  holes  had  been 
loaded,  but  the  seventh  and  tenth  holes  misfired  when  the  blast  was 
made.  The  charging  had  progressed  from  holes  1  to  13,  and  it  was 
stated  that  the  explosive  in  hole  No.  1  was  not  in  the  water  over  45 
nunutes.  One  of  the  electric  detonators  was  recovered  intact,  and 
it  was  thought  the  misfire  might  have  been  due  to  an  imperfection 
in  the  detonator  wire,  but  when  connected  to  and  fired  by  the  No.  3 
firing  machine  it  detonated  completely.  The  other  detonator  was 
not  recovered. 

The  second  failuie  occurred  on  December  15,  when  a  set  of  holes 
similar  to  those  previously  described  was  fired.  In  this  instance  holes 
11,  12,  and  13  misfired.  All  the  detonators  were  recovered  and  only 
one  f idled  to  fire  when  retested.  This  detonator  was  delivered  to  the 
testing  station  for  examination.  The  samples  of  40  per  cent  low- 
freezing  dynamite  representing  th3  last  three  shipments  were  also  pro- 
cured for  examination  and  test  purposes.  It  was  noted  at  the  time 
of  inspection  that  the  shot  firer  in  operating  the  No.  3  firing  machine 
used  only  one  hand  to  push  down  the  ratchet  bar  and  did  not  push  it 
down  in  that  quick  and  forcible  mannor  requisite  for  producing  the 
maximum  speed  of  the  revolving  armature. 

TESTS  OF  ELBCTBIC  DETONATORS. 

The  first  series  of  tests  of  electric  detonators  at  the  Pittsburgh 
testing  station  was  made  by  connecting  30  No.  6  electric  detonators  in 
series  and  firing  them  w-ith  a  No.  3  push-down  two-pole  filling  machine. 
The  rachet  bar  was  pushed  down  with  different  degrees  of  speed. 
In  the  two  tests  made,  simulating  the  method  used  at  Lock  No.  1, 
there  were  10  misfires  in  the  first  trial  and  11  in  the  second.  Two 
other  tests  were  then  made  by  pushing  the  rachet  bar  down  w^ith- 
both  hands  quickly  and  forcibly,  especially  during  the  last  part  of 
the  stroke.  In  both  trials  all  detonators  were  fired.  As  the  amount 
of  current  generated  by  any  firing  machine  of  this  typo  depends  upon 
the  speed  of  the  revolving  armature  it  ns  evident  that  the  misfires 
at  Lock  No.  1  were  partly  due  to  the  improper  method  followed  in 
operating  the  No.  3  firing  machine.  These  machines  are  so  made 
as  to  store  up  the  current  during  the  stroke  until  just  as  the  stroke  is 
ended,  when  the  entu'e  current  that  has  gathered  is  discharged  through 
the  leading  .wires. 
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It  has  been  found  from  results  of  tests  that  the  resistances  of  the 
platinum-wire  bridges  in  certain  detonators  of  the  same  grade  and  make 
vary  from  0.7  to  1.0  ohm  and  that  the  electric  detonators  that  mis- 
fire are  usually  those  having  low  resistance.  It  has  been  generally 
considered  that  the  loss  of  current  that  may  ocijur  by  short-circuiting 
through  wet  ground  or  water  is  largely  responsible  for  misfires  when 
electric  detonators  are  fired  in  series,  but  the  tests  made  at  the  testing 
station  indicate  that  the  variation  in  the  cross-see tional  area  of  the 
platinum  bridges  within  the  detonators  is  a  factor  of  greater  impor- 
tance. It  can  not  be  assumed  with  certainty,  however,  that  a  plati- 
num bridge  having  a  high  resist- 
ance can  be  fired  with  less  current 
than  one  having  a  low  resistance, 
because  with  a  given  current  the 
maximum  temperature  of  a  bridge 
depends  upon  its  minimum  cross- 
sectional  area  only;  the  resistance 
varies  not  only  inversely  as  the 
cross-sectional  area  of  the  bridge, 

\ /  but  also  directly  as  its  length.    An 

C^V^A  inspection  of  several  bridges  dis- 
closed the  fact  that  the  length  of 
the  bridge  did  vary  slightly,  usually 
because  of  the  encroachment  of  the 
solder  on  the  platinum  bridge. 

Great  care  was  necessary  then 
in  .selecting  detonators,  and  the 
assumption  that  the  average  deto- 
jiator  of  high  resistance  would  have 
a  long  bridge  of  relative  small  cross- 
sectional  area,  and  the  average 
detonator  of  low  resistance  would 
have  a  short  bridge  of  relatively 
large  cross-sectional  area  holds. 
For  one  test  the  resistance  of  152  detonators  was  determined.  Thirty 
of  these  were  selected,  15  having  the  highest  and  15  the  lowest  resist- 
ance. The  resistances  in  ohms  were  as  follows,  the  resistance  of  the 
detonators  that  failed  being  italicised:  0.90,  0.90,  0.90,  0.91,  0.91, 
0.91,  0.92,  0.92,  0,93,  0.94,  0.95,  0.95,  0.95,  0.96,  0.96,  and  0.72,  0.73, 
0.76,  0.77,  0.77,  0.78,  0.78,  0.79,  0.79,  0.79,  0.79,  0.80,  0.80,  0.80, 
0.81. 

The  30  detonators  were  connected  in  series  (fig.  5)  and  in  order  that 
the  effect  of  a  possible  loss  of  current  through  river  water  might  be 
determined  a  shunt  of  river  water  at  15®  C.  (59®  F.)  was  arranged 
l^etween  the  two  terminals  (I  inch  apart)  of  the  15  detonators  having 


FIGURE  5. — Arrangement  of  electric  detonators  to 
determine  whetlier  a  shunt  of  riyer  water  affect- 
ed their  detonation.  A, flring machine;  B,det> 
onators  of  high  resistance;  C,  detonators  of  low 
resistance;  a,  b,  uninsulated  wires. 
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the  high  it^istancee  (R,  fig.  5.).  An  attempt  was  made  to  fire  them 
with  a  No.  3  firing  machine  (A,  fig.  5)  operated  at  about  half  speed 
in  order  that  the  current  passing  through  the  bridges  would  fire  some 
but  not  all  of  the  detonators.  If  the  conductivity  of  the  water  was 
great  enough  it  was  to  be  expected  that  the  current  passing  through 
the  15  detonators  of  high  resistance  would  not  sufiice  to  fire  any  of 
them;  however,  if  the  conductivity  of  the  water  was  small  enough 
it  was  to  be  expeeted  that  the  following  conditions  would  preTail: 

1.  That  the  average  resistance  of  the  detonators  that  failed  would 
be  less  than  that  of  those  fired; 

2.  That  the  average  resistance  of  the  detonators  of  high  resistance 
that  failed  would  be  less  than  that  of  those  fired ; 

3.  That  the  average  resistance  of  the  detonators  oi  low  resistance 
that  failed  would  be  less  than  that  of  those  fired. 

The  actual  results  of  the  test  may  be  expressed  by  detailing  the 
averages  corresponding  to  those  mentioned  above.  Tiiese  averages 
are  presented  below. 

Average  regisUmees  of  electric  deUniators  tested. 

Ohms. 

7  that  failed 0.804 

23  that  fired 868 

2  of  high  resistance  that  failed 915 

13  of  high  resistance  that  fired 929 

5  of  low  resistance  that  failed 760 

10  of  low  resistance  that  fired • 788 

• 

Other  similar  tests  confirmed  in  every  particular  the  test  outlined. 

The  results  of  these  tests "  showed  that  fewer  failures  occurred 
with  the  electric  detonators  having  high  resistance  even  when  means 
were  provided,  as  stated  above,  for  introducing  short-circuiting.  It 
is  unfortunate  that  the  manufacturers  of  electric  detonators  can  not 
supply  platiniun  bridges  having  a  more  uniform  cross-sectional  area, 
but  these  imavoidable  defects  in  bridges  emphasize  the  importance  of 
providing  firing  machines  of  adequate  capacity  and  of  operating 
tbem  in  such  a  manner  that  they  will  yield  their  maximum  energy. 

The  electric  detonator  that  failed  on  retest  at  Look  No.  1  was 
examined  at  the  testing  station  by  carefully  opening  the  detonator 
in  such  a  manner  as  to  separate  the  sulphur  plug  Irom  the  copper 
capside.  The  guncotton  usually  placed  around  the  platinmn  bridge 
was  slightly  moist,  a  condition  that  would  account  for  the  failure  of 
the  fulminate  charge  to  detonate.  As  previously  stated,  the  threo 
other  detonators  failed  for  the  reason  that  when  they  were  used  the 
current  passed  through  them  was  not  strong  enough  to  cause  them  to 

«  A  more  extended  stadj  of  the  efficiency  of  electric  detooftUxs  mkI  firini^  machines  is  now  in  progress  by 
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fire,  probably  because  of  their  low  resistance.  One  detonator  was 
not  recovered  and  this  was  the  only  failure  tliat  could  in  any  way  be 
attributed  to  the  explosive. 

TESTS  OF  EXPLOSIVES. 

A  physical  and  chemical  examination  was  made  of  each  of  the  three 
samples  of  dynamite  submitted.  They  were  found  to  be  remark- 
ably uniform  in  composition.  The  nitroglycerin  content  of  the 
dynamite  was  equal  to  that  usually  offered  for  sale  in  this  country 
as  40  per  cent  low-freezing  dynamite.  However,  it  is  to  be  noted, 
that  all  of  the  samples  contained  about  5  per  cent  of  sodium  clilorido, 
wliich  substance  is  well  known  to  cause  the  reduction  of  flame  tem- 
perature on  detonation  of  an  explosive  and  hence  causes  a  material 
reduction  of  the  energy  developed.  The  results  of  tests  are  given  in 
the  following  tabulation: 

Results  of  tests  of  three  explosives^  used  in  submarine  operations. 

PHYSICAL  EXAMINATION. 


Details  observed. 


Length  of  cartridge,  inches 

Diameter  of  cartridge,  inches 

Wei^t,  grams 

Volume,  cubic  centimeters 

Specific  gravity 

Redipped 

Spiral  wrapped 

Color 

Consistency: 

G  ranulation-  - 

Structure 

Size 

Llquidness 

(Compactness 

Cohesiveness 

Weight  of  cartridge  shell  per  100  grams  of  ex|>losive 
ingre<lient,  grams 


Sample  No.  1. 


8 

li 
203 

163 

1.24 

No. 

Yes. 

Dark  corn. 


Fibrous  and 

granular. 

Fine. 

Dry. 

Very  soft. 

Blightly 

cohesive. 


8.0 


Sample  No.  2. 


8 

U 
liW 

157 

1.26 

No. 

Yes. 

Dark  com. 


Fibrous  and 

granular. 

Fine. 

Dry. 

Very  soft. 

SllghUy 

cohesive. 

8.0 


Sample  No.  3. 


8 

U 

203 

158 

1.29 

No. 

Yes. 

Dark  com. 


Fibrous  and 

granular. 

Fine. 

Dry. 

Very  soft. 

Slightly 

cohesive, 

8.0 


CHEMICAL  ANALYSIS. 
[A.  L.  Hyde,  analyst.] 


Moisture 

Nitroglycerin 

Nitrotoluene 

Sodium  nitrate 

Wood  pulp  and  crude  fiber 

Starch 

Sodium  chtoride 

Sugar 

Calcium  carbonate 


a  40  per  cent  strength  low-freezing  dynamites. 


Because  it  was  stated  that  the  latest  shipment  of  40  per  cent 
strength  low-freezing  dynamite  received  at  Lock  No.  1  was  giving 
unsatisfactory  results  in  that  it  seemingly  did  not  develop  the  same 
energy  as  previous  shipments,  certain  physical  tests  were  made  to 


EXPLOSIVES   USED  IN   SUBMARINE   OPERATIONS. 


27 


determine  the  comparative  strength  of  samples  of  the  shipment. 
The  results  of  the  tests  indicated  that  the  samples  were  uniform  in 
strength,  but,  as  all  the  tests  were  made  with  fresh  explosives  ttiken 
from  the  original  containers,  it  was  decided  to  make  certain  efTicioncy 
tests  with  the  samples  after  they  had  been  submerged  in  water  for 
different  periods  of  time  and  under  varying  conditions.  It  was  also 
deemed  advisable  to  make  comparative  tests  with  other  classes  of 
dynamite  at  the  same  time  in  order  to  determine  the  type  of  explo- 
sive most  suitable  for  the  submarine  blasting  in  question. 

The  selection  of  an  explosive  for  submarine  work  is  of  special  im- 
portance because  of  the  severe  moisture  and  temperature  conditions 
under  which  it  must  be  used,  also  because  of  the  great  expense 
incurred  in  preparing  every  blast,  a  consideration  that  makes  any 
failure  of  importance.  It  has  also  been  generally  recognized  that 
when  used  for  blasting  under  water  explosives  produce  less  useful 
work  than  when  used  for  excavating  on  land.  This  decrease  is  due 
to  the  reduction  of  the  temperature  of  the  products  of  combustion 
and  to  the  confining  effect  of  the  water  on  the  material  to  be  blasted, 
an  effect  that  more  than  counteracts  the  beneficial  effects  of  the  water 
stemming. 

Four  different  classes  of  explosives  were  used  in  the  comparative- 
efficiency  tests.  They  are  commercially  known  as  40  per  cent 
strength  low-freezing  dynamite,  40  per  cent  "straight"  nitroglycerin 
dynamite,  40  per  cent  strength  ammonia  dynamite,  and  40  per 
cent  strength  gelatin  dynamite.  The  physical  examination  of  each 
explosive  gave  the  following  results: 

Regulta  of  physical  examination  of  four  classes  of  explosives. 


Details  obsen'cd. 


J^»th  of  cartridge,  inches 

I'cimeter  of  canndge,  inches 

Axtnge  weight,  grams 

Amse  volume,  cubic  centimetere 

'^peciac  gravity 

RwJiDped 

spiral  wrapped 

''olor 

Granulation— 

Stnicture 

Size 

Ltquidness 

('ompactneas 

CohcaiTenen 

^Vri^it  of  cartridge  sheU  per  100  grams 
of  explosive  tn^edient,  grams. 


40  per  cent 
strength  low- 
freezing  dyna- 
mite. 


fi:::::::::::: 

254 

166 

No 

Yes 

Dark  corn 

Fibrous  and 
granular. 

Fine 

Wet 

Soft 

Sliehtly  cohe- 
sive. 


40  per  cent 

"s&aight" 

nitroglycerin 

dynamite. 


8 

U 

238 

163 

1  46 

No 

Yes 

Fawn 

Fibrous 

Fine 

Dry 

Soft 

Slightly  cohe- 
sive. 
o«u ........... 


40  per  cent 
strength  am- 
monia dyna- 
mite. 


8 

M 

241 

169 

Yes 

Yes 

Light  cafd  au 
lait. 

Granular 

Fine 

Dry 

Soft 

Slightly  cohe- 
sive. 


40  per  cent 
strength  gela- 
tin dynamite. 


il: 

295. 
184. 
1.60. 
No. 
Yes. 
Light 
lait 


c&i6  au 


Gelatinous. 

Fine. 
Wet. 
Soft. 

Moderately  co- 
hesive. 
2.0 


The  results  of  the  chemical  analyses  made  disclosed  the  fact  that 
Acse  explosives  were  made  under  formulas  somewhat  similar  to 
those  of  explosives  of  the  same  commercial  rating  generally  offered 
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for  sale  in  this  country.    The  analyses  of  these  classes  of  explosives 
are  given  in  the  following  tabulation: 

lieiults  of  analyses  of  four  classes  of  explosives. 


CoDstltneDt. 

40  per  cent 
strength  low- 
freezing  dyna- 
mite.a 

40  per  cent 

"gfiaight** 

nitroglycerin 

dynamlte-a 

40  per  cent 
strength  am- 
monia dyna- 
mita.» 

40  per  cent 

strength 

gelatin 

dynamite.^ 

Moiflturo 

1.13 
27.56 

0.97 
39.19 

0.88 
21.60 

1.47 

Nltroelyoerin 

30.70 

NitrocolluloflO 

.88 

Anunonium  nitrate 

18.86 

Nitn^luene 

10.13 
61.54 

8.62 

Sodium  nitrate 

49.63 

9.n 

46.04 

5.45 

4.85 

.83 

1.41 

54.27 

Wood  pulp 

8.58 

Sulphur 

8.08 

Zinc  oxide 

1.02 

CaMum  carbonat,^ ....                  

1.12 

.54 

100.00 

100.00 

100.00 

100.00 

a  J.  H.  Hunter,  analyst. 


b  W.  C.  Cope,  analyst. 


TESTS    OP    EXPLOSIVES   IN   A   FROZEN    AND   IN   A   THAWED   CONDITIOX. 

Tests  were  next  made  of  explosives  in  a  frozen  and  in  a  thawed 
condition. 

The  procedure  in  the  first  test  was  to  submerge  one  cartridge  of 
each  class  of  explosive,  in  its  original  wrapper,  imder  1  foot  of  still 
water  at  a  temperature  of  1®  C.  (34°  F.)  for  one  hour.  After  taking 
the  cartridges  out  of  the  water  an  attempt  was  made  to  fire  each 
separately,  unconfined,  with  a  No.  6  electric  detonator. 

The  cartridge  of  40  per  cent  strength  low-freezing  dynamite  was 
not  frozen,  but  2  inches  of  one  end  of  the  cartridge  seemed  to  have 
absorbed  an  appreciable  amount  of  water.  When  fired  the  detona- 
tion was  seemingly  complete. 

The  cartridge  of  40  per  cent  "straight"  nitroglycerin  dynamit<5 
was  found  in  a  frozen  condition.  However,  when  fired  complete 
detonation  resulted.  One-half  inch  of  one  end  of  this  cartridge  had 
absorbed  water. 

The  cartridge  of  40  per  cent  strcngtli  ammonia  dynamite  was  found 
in  a  frozen  condition  but  it  detonated  completely  when  fired.  Two 
inches  of  one  end  of  this  cartridge  had  absorbed  water. 

The  cartridge  of  40  per  cent  strength  gelatin  d3''namite  was  found 
in  a  frozen  condition,  but  otherwise  there  was  no  change  in  its  appear- 
ance. There  had  seemingly  been  no  absorption  of  water.  This 
cartridge  failed  to  detonate  when  an  attempt  was  made  to  fire  it  with 
a  No.  6  detonator.  All  of  the  pieces  of  the  cartridge  that  had  been 
broken  by  the  explosion  of  the  detonator  were  recovered,  and  it  was 
evident  that  not  even  a  partial  detonation  of  the  cartridge  had 
resulted. 
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Further  tests  were  made  with  frozen  cartridges  under  similar 
conditions,  except  that  the  cartridges  were  not  submerged  in  water. 
They  were  taken  from  the  magazine  in  a  frozen  condition  and  left 
for  one  hour  at  a  temperature  of  — 16®  C.  (3*^  F.). 

Four  cartridges  each  of  40  per  cent  ''straight"  nitroglycerin 
djmAinite  and  of  40  per  cent  strength  ammonia  dynamite  were  fired 
separately.,  a  complete  detonation  of  each  resulting. 

Out  of  four  trials,  one  failure  to  detonate  occurred  in  tests  of  the 
40  per  cent  strength  low-freezing  dynamite.  With  40  per  cent 
strength  gelatin  dynamite,  failures  to  detonate  occurred  in  each 
trial  in  each  of  four  tests  made. 

Similar  tests  were  then  made  by  subjecting  frozen  cartridges  of 
the  four  explosives  to  temperatures  of  6°  C.  (43®  F.)  and  of  8®  C. 
(46®  F.)  for  a  few  hours.  Under  these  conditions  the  cartridges  of  40 
per  cent  strength  gelatin  dynamite  were  the  only  ones  that  failed  to 
detonate.  The  results  of  the  tests  confirmed  the  previous  results 
obtained  with  the  gelatin  dynamite.  In  no  case  was  there  even  a 
partial  detonation  of  the  gelatin  dynamite  when  attempts  were  made 
to  fire  it  with  a  No.  6  electric  detonator  containing  a  1-gram  charge 
of  fulminate  composition. 

Logical  conclusions  as  a  result  of  the  tests  of  the  explosives  in  a 
frozen  and  in  a  thawed  condition  are: 

(1)  That  40  per  cent  strength  gelatin  dynamite  should  never  be 
used  in  blasting  operations  when  the  temperature  is  such  as  to  cause 
the  cartridges  to  freeze. 

Attention  is  also  called  to  the  fact  that  some  gelatin  dynamites, 
after  long  storage  in  tropical  countries,  so  lose  their  sensitiveness 
that  they  can  not  be  detonated  with  the  ordinary  detonators  generally 
used.  Tliis  result  is  probably  due  to  the  fact  that  in  the  manufac- 
ture of  gelatin  dynamite  the  nitrocellulose  used  is  not  completely 
gelatinized,  so  that  when  the  dynamite  is  stored  in  hot  cUmates  the 
process  of  gelatinization  continues  and,  accordingly,  the  cartridges 
become  harder  and  less  sensitive. 

(2)  That,  under  the  conditions  that  exist  at  Lock  No.  1,  the  three 
other  grades  of  dynamite  are  better  adapted  for  use  during  the  winter 
months. 

However,  it  should  be  remembered  that  under  actual  mining  con- 
ditions all  of  these  grades  have  been  known  occasionally  to  detonate 
incompletely  when  used  in  a  frozen  condition,  even  when  fired  with 
Xo.  6  electric  detonators.  Therefore,  it  is  preferable  to  use  stronger 
electric  detonators  during  the  winter  months. 

Tests  were  also  made  to  determine  the  disruptive  effect  developed 
by  the  four  classes  of  dynamite  in  a  frozen  condition  when  fresh  and 
when  aged.  The  explosives  were  subjected  to  temperatures  of  1®  C. 
(34®  F.)  to  -12®  C.  (10®  F.),  and  tests  were  made  by  firing  100 
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grams  of  each  explosive  on  lead  blocks  which  were  at  room  tempera- 
ture, 18*^  C.  (64^  F.),  the  resulting  compression  being  measured. 

The  tabulation  following  gives  the  results  of  small  lead  block  tests 
made  with  each  class  of  dynamite  when  used  in  a  thawed,  in  a  frozen, 
and  in  a  frozen  and  aged  condition.  (See  PI.  I.)  The  results  of  the 
tests  lierein  reported,  which  were  made  in  duplicate,  checked  within. 
5  per  cent.  No.  6  electric  detonators,  each  containing  a  charge  of  1 
gram  of  fulminate  composition,  were  used  with  the  thawed  explosives, 
but  in  order  to  increase  the  chances  of  detonation  of  the  frozea 
explosives,  No.  8  electric  detonators,  each  containing  a  2-gram  charge 
of  fulminate  composition,  were  used.  The  compression  resultant 
from  the  40  per  cent "  straight ''  nitroglycerin  dynamite,  when  thawed, 
is  given  a  value  of  1 00  per  cent  in  the  percentage  strength  column, 
and  the  results  of  tests  with  the  other  grades  are  computed  on  this 
basis  in  direct  proportion. 

Results  of  small  lead  block  tests  with  explosives  in  a  thawed  and  in  a  frozen  condition. 


Grade 
of  elec- 
tric de- 
tonator. 

Class  of  explosive 

rhysical  condition  of  explo- 
sive. 

40  per  cent 
strength  low- 
freezing  dyna- 

40  per  cent 

"afright" 

nitroglycerin 

dynamite. 

40  per  cent 
strength  am- 
monia dyna- 
mite. 

40  per  cent 

strength  gelatin 

dynamite. 

Aver- 
age 
com- 
pres- 
sion. 

Di». 

rup- 

tive 

effect. 

Aver- 
age 
com- 
pres- 
sion. 

Dis- 
rup- 
tive 
effect. 

Aver- 
age 
com- 
pres- 
sion. 

Dis- 
rup- 
tive 
effect 

Aver- 
age 
oom- 
Iires- 
don. 

Dis- 

rup- 

tivo 

effect. 

Thawed,  in  a  fresh  condition. 
Frozen,  in  a  fresh  condition. . 
Frozen,  2^  per  cent  of  water 

added  and  well  mixed 

Frosen,  5  per  cent  of  water 

added  and  we!I  mixed 

Na6 
No.  8 

Na8 

No.  8 

Jnin. 
17.0 
12.5 

9.0 

0.2 

Peret. 
79.4 
58.4 

42.1 

0.9 

Mm. 
21.4 
Block  n 

17.4 

al.5 

Perct. 
100.0 
J  pturod. 

81.3 

7.0 

Mm. 
IS.  9 
18.6 

a  2.2 

«.9 

Peru. 
88.3 
86.9 

10.3 

4.2 

Mm, 
15.6 
14.9 

a. 9 

0.8 

Perct. 
72.9 
69.6 

4.3 

3.7 

o  Incomplete  detonation. 

In  Plate  I  the  effects  of  the  several  conditions  are  shown  by  A, 
B,  C,  and  D;  the  effect  of  each  explosive  (low-freezing  dynamite, 
"straight"  nitroglycerin  dynamite,  ammonia  dynamite,  and  gelatin 
dynamite)  by  blocks  1,  2,  3,  and  4.  An  unused  block,  with  steel  cap 
in  place,  is  shoMrn  at  the  left  for  comparison. 

It  is  to  be  noted  that  40  per  cent  strength  low-freezing  dynamite 
is  the  only  class  of  explosive  tested  that  showed  a  material  loss  in 
energy  when  fired  in  a  frozen  but  fresh  condition,  when  fired 
with  No.  8  electric  detonators  (2-gram  charge).  It  is  also  wortliy  of 
note  that  this  is  the  first  instance  in  tlie  tests  made  that  a  detona- 
tion of  frozen  40  per  cent  gelatin  dynamite  occurred.  Attention  is 
called,  however,  to  the  fact  that  comparatively  small  quantities  of 
explosive  in  a  fresh  condition  were  used  in  the  tests  and  also  that 
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tliey  received  tlie  full  eflFect  of  a  powerful  detonator.  A  greater  loss 
in  efficiency  results  with  all  classes  of  explosive^  after  they  have  aged 
and  taken  up  water  if  tested  in  a  frozen  condition  with  detonators  of 
l^s  strength.  Furthermore,  when  large  quantities  of  frozen  explosives 
are  used  in  actual  mining  operations  it  has  been  generally  recognized 
that  the  results  are  erratic  if  the  explosives  are  fired  with  No.  6 
electric  detonators,  and  are  especially  so  when  detonators  of  a  lower 
grade  are  used. 

Tlie  disruptive  force  of  tlie  40  per  cent  *' straight"  nitroglycerin 
dynamite  when  frozen  but  in  a  fresh  condition  was  not  less  than  that 
of  the  same  dynamite  in  a  thawed  condition;  this  result  was  probably 
due  to  the  stronger  detonator  used. 

The  addition  of  water  to  tlie  different  classes  of  explosives  represents 
the  effect  of  aging  from  absorption  of  moisture  tlirough  improper 
storage,  but  the  facility  with  which  these  different  classes  of  explosives 
absorb  any  definite  percentage  of  moisture  during  storage  varies  widely. 
The  gelatin  dynamite  absorbs  little  and  that  only  slightly  into  its  surf  ace. 
On  the  other  hand,  tlie  ammonia  dynamite,  when  its  wrapper  is  broken 
or  distorted,  allows  its  hygroscopic  ingredients  to  absorb  moisture 
with  great  facility.  The  above  differences  being  kept  in  mind, 
the  results  of  the  small  lead  block  tests  of  explosives  to  which  2^  per 
cent  of  water  has  been  added  are  properly  interpreted  as  showing 
that  those  of  the  40  per  cent  * 'straight"  nitroglycerin  dynamite  are 
comparatively  good,  that  those  of  the  40  per  cent  strength  low- 
freezing  dynamite  are  fair,  that  tliose  of  the  40  per  cent  strength 
ammonia  dynamite  are  very  poor,  and  tliat  the  results  with  tlie  40 
per  cent  strength  gelatin  dynamite  should  not  be  interpreted  as 
unfavorably  as  the  test  would  seem  to  warrant.  However,  the 
results  of  tests  with  explosives  to  which  5  per  cent  of  water  has  been 
added  would  probably  indicate  what  may  be  expected  from  all  classes 
of  explosives  stored  under  unfavorable  conditions  for  a  long  period 
of  time. 

TESTS  OF  EXPLOSIVES   IN   A  DKY  AND  IN  A   WET  CONDITION. 

A  series  of  tests  was  undertaken  to  determine  the  energy  of  the 
four  classes  of  explosives  after  they  had  been  submerged  in  still  water 
at  a  temperature  of  17°  C.  (63°  F.)  for  different  periods  of  time. 

It  has  been  observed  in  practice  that  loss  in  efficiency  results  when 
explosives  have  been  so  submerged.  The  assumption  has  been  that 
the  resultant  reduction  of  useful  work  is  due  to  the  fact  that  the 
nitroglycerin  content  of  the  explosives  is  to  a  certain  extent  replaced 
by  water,  and  that  certain  of  their  ingredients,  such  as  the  nitrates, 
are  soluble  in  water.  The  effect  of  water  varies  with  the  temperature, 
because  the  soluble  salts  of  explosives  are  more  readily  dissolved  in 
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warm  than  in  cold  water.  The  style  of  wrapper,  particularly  as 
r^ards  the  sealing  of  tlie  ends  of  tlie  cartridge  to  prevent  the  absorp- 
tion of  moisture  by  the  explosive  ingredients,  is  of  especial  importance. 
Little  difference  was  found  in  the  wrappers  used  on  the  cartridges 
under  test,  except  tliat  the  cartridges  of  40  per  cent  strength  ammonia 
dynamite  had  been  redipped  during  their  manufacture  and  accord- 
ingly offered  a  greater  protection  to  the  explosive  ingredients  within. 

One  series  of  tests  with  the  ballistic  pendulum  was  made  to  deter- 
mine the  comparative  strength  of  the  explosives  (with  No.  6  electric 
detonators)  expressed  as  a  propulsive  effect.  Small  lead  block  tests 
were  made  to  determine  the  comparative  strengtli  expressed  as  a 
disruptive  effect.  The  balKstic  pendulum  «  measures  roughly  the 
heaving  force  and  the  small  lead  blocks  measure  approximately  tlie 
shattering  force.  The  user  of  explosives,  knowing  which  effect  he 
desires  to  obtain,  can  use  to  advantage  these  results  as  a  guide  in 
selecting  the  explosive  most  suitable  for  his  work. 

In  the  tests,  all  of  the  cartridges  were  properly  thawed  before  being 
submerged  in  water  and,  accordingly,  were  in  a  thawed  condition 
when  trials  were  made  to  determine  their  relative  strength.  The 
results  of  the  tests  are  presented  in  the  tabulations  following.  In 
the  tabulations  the  results  are  referred  to  different  series  designated 
by  letters,  which  are  explained  below. 

SERIES   A. 

Ill  the  teste  embraced  in  sen^s  A  the  explosives  were  tested  as  received. 

SERIES   B. 

In  the  series  B  tests  the  explosives,  in  their  original  wrappers,  were  submerged  for 
one  hour  under  1  foot  of  still  water. 

The  average  weight  of  the  cartridges  of  40  per  cent  strength  low-freezing  dynamite 
was  259  grams  before  soaking,  and  270  grams  after  soaking,  showing  an  increase  in 
weight  of  4.2  per  cent.  Each  cartridge  was  soaked  about  2  inches  from  the  hand- 
crimped  end  of  the  cartridge  shell. 

The  cartridges  of  40  per  cent  "straight"  nitroglycerin  dynamite  were  affected  in  a 
similar  way,  except  that  the  average  increase  in  the  weight  of  the  cartridges  was  2.4 
per  cent. 

The  cartridges  of  40  per  cent  strength  ammonia  dynamite  were  soaked  onl  y  one-fourth 
of  an  inch  from  the  hand-crimped  end  of  the  cartridge  shell,  and  the  average  increase 
in  the  weight  of  the  cartridges  was  1.1  per  cent.  It  is  worthy  of  note  that  this  class  of 
explosive,  containing  19  per  cent  of  ammonium  nitrate,  was  little  affected  by  the 
water  test.  This  result  was  due  to  the  protection  afforded  by  the  cartridge  shells  used , 
and  shows  the  benefit  of  redipping  the  cartridges  of  explosives  in  melted  paraffin. 

The  cartridges  of  40  per  cent  strength  gelatin  dynamite  showed  little,  if  any,  absorp- 
tion  of  water.  The  average  increase  in  the  weight  of  the  cartridges  was  1.0  per  cent. 
This  increase  was  accounted  for  by  the  water  that  remained  inside  the  cartridge  and 
on  the  surface  of  the  plastic  ingredients. 


a  See  pp.  49-46. 
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SERIES  C. 

In  the  series  G  tests  the  explosives  were  submerged  for  one  hour  under  1  foot  of 
still  water  but  the  cartridges  were  previously  slit  three  times  from  end  to  end.  This 
was  done  in  cider  to  represent  unusually  rough  handling  of  the  cartridges,  and  also 
to  determine  the  eCfect  of  water  on  the  cartridges  of  explosives  when  rammed  into  the 
drill  holes. 

The  cartridges  of  40  per  cent  strength  low-freezing  dynamite,  of  40  per  cent 
''straight"  nitroglycerin  dynamite,  and  of  40  per  cent  strength  ammonia  dynamite 
^owedy  respectively,  an  average  less  in  weight  of  7.0,  8.7,  and  1.1  per  cent.  All 
cartridges  seemed  to  be  sfttorated  thoroughly  and  uniformly. 

The  cartridges  of  40  per  cent  strength  gelatin  dynamite  showed  an  average  loss  in 
weight  of  only  0.3  of  1  per^cent.  There  was  no  visible  change  in  the  appearance  of 
the  explosive  ingredients. 

The  loss  in  weight  of  the  other  classes  of  explosives  is  only  partly  indicated  by  the 
figures  given,  because  there  was  a  certain  absorption  of  water  which  tends  to  increase 
tbcir  weights.  It  was  obBer^^ed  during  the  tests  that  the  cartridges  at  first  gained 
weight  by  taking  up  water  and  then  lost  weight  by  the  dissolving  of  the  soluble  in- 
gredients. 

SERIES   D. 

In  the  tests  embraced  in  series  D  the  cartridges,  in  their  original  wrappers,  were 
submerged  for  eight  and  one-half  hours  under  1  foot  of  still  water. 

The  cartridges  of  40  per  cent  strength  low-freezing  dynamite,  of  40  per  cent 
"straight"  nitroglycerin  dynamite,  of  40  per  cent  strength  ammonia  dynamite,  and 
40  per  cent  strength  gelatin  dynamite  ^owed  an  average  increase  in  weight  of 
0.0,  2.1,  8.1,  and  4.2  per  cent,  respectively.  All  cartridges,  except  those  of  40  per 
cent  strength  gelatin  dynamite,  were  thoroughly  and  evenly  saturated,  and  after  they 
had  heen  allowed  to  stand  the  fisual  time  for  draining  at  room  temperature  it  was 
noted  that  the  lower  ends  of  the  outside  of  the  cartridge  shells  for  a  distance  of 
2  inches  were  covered  with  crystallized  nitrates. 

The  cartridges  of  40  per  cent  strength  gelatin  dynamite  ehowed  no  change  in  the 
appearance  of  the  cartridge  shells  or  of  the  explosive  ingredients. 

SERIES   E. 

In  the  series  E  tests  the  cartridges,  in  their  original  wrappers,  were  submerged  for 
ei^t  and  one-half  hours  under  1  foot  of  still  water  but  the  cartridges  were  previously 
dit  three  times  from  end  to  end. 

The  cartridges  <^  40  per  cent  strength  low-freezing  dynamite,  40  per  cent  "straight  '* 
nitroglycerin  dynamite,  40  per  rent  strength  ammonia  dynamite,  and  40  per  cent 
fitxength  gelatin  dynamite  showed  an  average  loss  in  weight  of  13.8, 16.0, 14.4,  and 
0.0  per  cent,  respectively.  All  of  the  cartridges,  except  those  of  40  per  cent 
strength  gelatin  dynamite,  were  completely  saturated  so  that  in  taking  them  out  of 
the  water  extreme  care  was  required  in  order  to  retain  the  explosive  ingredients  in 
the  cartridge  shells.  As  in  all  previous  tests,  there  was  no  visible  change  in  the  ap- 
pearance of  the  cartridges  of  40  per  cent  strength  gelatin  dynamite.  In  none  of  the 
tests  was  any  liquid  nitroglycerin  found  in  any  of  the  pails  used,  and  only  in  the 
series  £  tests  was  any  appreciable  quantity  of  sediment  found  in  the  bottom  of  the 
pails. 
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BALLISTIC-PENDULUM   TESTS. 


The  results  of  the  ballistic-pendulum  tests  are  tabulated  below: 

Results  of  hallistic'pendubim  tests  to  determine  the  comparative  propulsire  effect  of  four 

explosives. 

AMOUNTS  OF  EXPLOSIVES  EQUIVALENT  TO  227  GRAMS  (J  POUND)  OF  STANDARD  TEST- 
ING-STATION 40  PER  CENT  "STRAIGHT "  NITROGLYCERIN  DYNAMITE. 


Series— 

40  per  cent 

strength 

low-freesing 

dynamite. 

40  per  cent 
•' straight" 
nitroglyc- 
erin dyna- 
mite. 

40  per  cent 

strength 

ammonia 

dynamite. 

40  per  cent 

strength 

gelatin 

dynamite. 

A 

Oram*. 
229 
233 
239 
23ft 
al,009 

Oramt. 
234 
240 
235 
241 
0  857 

Qramt, 
241 
247 
258 
279 
o848 

OravM. 

283 

B 

28S 

C 

282 

D 

281 

E 

279 

»                                                                                                 -                    -                       -.  —  -..■.- 

COMPARATIVE  STRENGTHS  IN  PERCENTAGES.* 


A 

102 

100 

98 

100 

023 

100 
98 

100 

97 

«27 

97 
96 
91 
84 
a28 

83 

B 

81 

C 

83 

D 

S3 

E 

84 

tf  One  shot  of  each  failed  to  explode. 

*  40  per  cent  "straight"  nitroglycerin  dynamite  in  its  ordinary  condition  is  given  a  value  of  100  per  cent, 
the  results  of  the  tests  being  computed  in  direct  proportion  on  this  basis. 

The  results  of  the  tests  of  the  explosives  in  the  form  received 
(series  A)  show  that  the  propulsive  effect  developed  by  the  40  per 
cent  strength  low-freezing,  the  40  per  cent  ''straight"  nitroglycerin, 
and  the  40  per  cent  strength  ammonia  dynamites  were  practically  the 
same.  It  is  evident,  however,  that  the  40  per  cent  strength  gelatin 
dynamite  is  not  as  efficient  and  will  not  develop  the  same  heaving 
and  pushing  force  as  the  other  types  of  explosives. 

In  the  series  B  tests  (cartridges  soaked  in  their  original  wrappers 
for  one  hour  in  still  water)  it  is  to  be  noted  that  there  was  no  material 
loss  in  the  propulsive  effect  of  any  of  the  explosives  tested. 

In  the  tests  embraced  in  series  C  the  cartridges  that  had  been  pre- 
viously slit  and  then  soaked  for  one  hour  in  still  water  did  not  show 
any  reduction  in  the  propulsive  effect  from  that  obtained  in  the  series 
B  tests. 

In  the  series  D  tests,  embracing  cartridges  soaked  in  their  original 
wrappers  for  eight  and  one-half  hours  in  still  water,  the  40  per  cent 
strength  ammonia  dynamite  showed  a  loss  in  propulsive  effect  of  13 
per  cent.  With  the  other  explosive  there  was  no  perceptible  reduc- 
tion; the  variations  in  results  obtained  are  within  the  limits  of  error 
of  the  apparatus. 

The  greatest  reduction  of  propulsive  effect  is  shown  in  the  results 
of  the  scries  E  tests  (cartridges  slit  from  end  to  end  and  then  sub- 
merged for  eight  and  ono-half  hours  under  1  foot  of  still  water).    The 
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40  per  cent  strwigth  loiv-freezing  dynamite,  the  40  per  cent 
"straight "  nitroglycerin  dynamite,  and  the  40  per  cent  strength 
ammonia  dynamite  showed  losses  in  propulsive  effect  of  77,  73,  and 
72  per  cent,  respectively.  The  40  per  cent  strength  gelatin  dynamite, 
as  in  all  previous  soaking  tests,  showed  no  loss  in  propulsive  effect. 

SMALL  LEAD  BLOCK  TESTS. 

The  results  of  .the  tests  with  small  lead  blocks  are  given  in  the  fol- 
lowing tabulation: 

Results  of  gmall  lead-block  tests  to  determine  the  comparative  disruptive  effect  of  explosives. 

COMPRESSION  OF  LEAD  BLOCKS. 


Series— 

40  per  cent 

strength 

low-freezing 

dynamite. 

40  per  cent 

"straight" 

nitToplyo- 

erin  ayna- 

mite. 

40  per  cent 

strength 

ammonia 

dynamite. 

40  per  cent 

strength 

gelatin 

dynamite. 

A : 

mfn. 
17.0 
13.0 

n.9 

13.5 
.0 

21.4 
18.0 
11.4 
11.4 
.0 

min, 
18.9 
13.6 
10.5 
10.9 
.0 

15  ft 

B 

1.1.5 

C 

14.2 

D 

13.5 

E : : :.:...:...::::..::.::: 

12.6 

COMPARATIVE  STRENGTHS  IN  PERCENTAGES.^ 


A 

79 
61 
56 
(33 
0 

100 

84 

53 

53 

0 

88 
64 
49 
51 
0 

73 

B 

63 

c : 

66 

D 

63 

E 

59 

•  40  per  cent  ''straight''  nitroglycerin  dynamite  in  its  ordinary  condition  Is  given  a  value  of  100  per  cent, 
the  reaolts  of  the  tests  being  computed  in  direct  proportion  on  this  basis. 

The  appearance  of  the  blocks  after  the  tests  is  shown  in  Plate  II,  in 
which  Ay  B,  C,  D,  and  E  represent  the  corresponding  series  in  the 
table  of  results,  and  1,  2,  3,  and  4  the  blocks  deformed  by  the  action 
of  low-freezing,  ''straight"  nitroglycerin,  ammonia,  and  gelatin  dyna- 
mite, respectively. 

It  has  often  been  observed  that  gelatin  dynamite  used  unconfined 
rather  than  confined  suffers  a  greater  loss  of  efficiency  than  do  the 
other  three  classes  of  "high"  explosives.  Consequently  it  is  not 
surprising  that  the  compression  of  the  small  lead  blocks  was  less  with 
this  explosive  than  with  the  others  tested.  The  observation  men- 
tioned is  illustrated  by  the  results  of  the  tests,  as  follows: 

The  compression  of  the  small  lead  block  by  the  40  per  cent  ''straight" 
nitroglycerin  dynamite  fired  in  the  usual  way  was  21.4  mm.,  but  when 
the  dynamite  was  confined  in  a  can  of  water  6  inches  high  and  3J 
inches  in  diameter  the  compression  was  22.6  mm.,  a  difference  of 
1.2  mm.  On  the  other  hand,  the  compression  by  40  per  cent 
strength  gelatin  dynamite,  fired  in  the  usual  way,  was  15.6  mm    but 
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when  the  dynamite  was  confined  in  a  can  of  water  6  inches  high  and 
3|  inches  in  diameter  the  compression  was  20.9  mm.,  a  difference  of 
6.3  mm.  The  above  results,  however,  must  be  interpreted  with 
regard  to  the  fact  that  the  mechanical  equivalent  of  the  compression 
of  lead  increases  per  unit  compression  with  an  increase  in  the 
compression. 

In  the  tests  made  with  explosives  as  received  (series  A)  the  greatest 
disruptive  effect  was  developed  with  40  per  cent  ** straight"  nitro- 
glycerin dy^namite;  accordingly,  this  class  of  explosive  exerts  the 
greatest  shattering  force. 

When  the  cartridges  in  their  original  wrappers  were  soaked  for  one 
hour  (series  B)  the  40  per  cent  ** straight'^  nitroglycerin  dynamite 
again  showed  the  highest  efficiency,  but  when  the  cartridges  were  slit 
and  soaked  for  one  hour  this  superiority  did  not  exist. 

It  is  evident  from  the  results  of  the  tests  embraced  in  series  C  that 
40  per  cent  strength  gelatin  dynamite,  as  compared  with  the  other 
explosives  tested,  develops  the  greatest  disruptive  effect  when  the 
cartridges  are  sUt  and  soaked  for  one  hour,  or  when  cartridges  in 
their  original  wrappers  are  soaked  for  8^  hours,  as  in  the  series  D 
tests. 

When  the  cartridges  were  slit  and  soaked  8J  hours  (series  E)  the 
40  per  cent  strength  gelatin  dynamite  showed  a  loss  in  diaruptive 
effect  of  14  per  cent.  Under  the  same  conditions  the  other  classes 
of  dynamites  failed  to  detonate  with  No.  6  detonators,  or  at  least  suffi- 
cient energy  was  not  developed  to  deform  the  lead  blocks  in  any  of 
the  tests  made. 

PBACTICAL  CONCLUSIONS. 

The  procedure  fdllowed  in  connection  with  the  work  of  blasting 
rock  in  the  bottom  of  the  Monongahela  River  at  liOck  No.  1  is  in 
accordance  with  good  mining  practice.  All  explosives  are  carefully 
loaded  in  drill  holes.  They  are  not  simply  placed  on  the  material  to 
be  blasted,  a  practice  that,  although  sometimes  followed  in  work  of 
this  kind,  can  not  be  considered  economical. 

In  reference  to  the  electric  detonators  used,  it  would  seem  that  No.  6 
electric  detonators  are  satisfactory  for  the  work,  except  during  the 
winter  months  when  the  temperature  of  the  water  is  low  enough  to 
cause  the  explosive  charge  to  freeze.  The  factor  of  safety  would  be 
greater  if  No.  7  or  No.  8  electric  detonators  were  used. 

In  view  of  the  fact  that  out  of  286  shots  fired  only  one  detonator 
failed  to  explode  owing  to  the  absorption  of  water,  the  use  of  the  more 
expensive  waterproof  electric  detonators  is  not  warranted.  How- 
ever, attention  is  called  to  the  fact  that  electric  detonators  similar  to 
those  now  being  used  for  wet  work  on  the  Isthmas  of  Panama  can  be 
purchased  at  the  same  cost  as  ordinary  electric  detonators.  Such 
detonators  contain  a  viscous  compoimd  between  the  sulphur  plug 
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and  the  sulphur  filling  of  the  detonator.  An  electric  detonator  so 
manufactured  withstands  submersion  in  water  for  several  hours. 

In  reference  to  the  operation  of  the  No.  3  firing  machine;  the  rec- 
ommendation is  made  that  the  ratchet  bar  be  pushed  down  quickly 
and  forcibly  in  order  to  obtain  the  maximum  speed  of  the  revolving 
armature.  This  manner  of  operation  is  necessary,  because  the  cross- 
sectional  area  of  the  platinum  bridges  of  electric  detonators  is  not 
uniform,  and  as  a  result  some  detonators  will  fail  if  sufficient  current 
is  not  produced  to  heat  all  the  bridges  to  the  proper  temperature. 

From  the  results  of  tests  reported  herein  it  is  evident  that  40  per 
cent  ** straight"  nitroglycerin  dynamite  is  the  most  suitable  class  of 
explosive  for  this  submarine  work. 

If  the  work  required  longer  intervals  in  the  preparation  of  the  shots, 
or  if  there  were  a  material  change  in  the  character  of  the  rock  to  be 
blasted,  requiring  explosives  of  different  characteristics,  the  other 
classes  of  explosives  might  be  used  to  advantage,  subject  to  the 
conditions  set  forth  in  this  publication. 

TBSTS  OF  EFFECT  OF  SX7PBBINCTJMBENT  MATBBIAL. 

As  practically  all  primary  blasting  is  done  in  material  that  is  in 
some  measure  confined,  it  is  reasonable  to  assume  that  this  confining 
material  will  always  offer  resistance  to  the  force  of  explosives  and 
that  the  resistance  will  vary  with  the  kind  of  material  and  the  degree 
of  confinement. 

From  what  has  been  said  before,  it  is  obvious  that  the  useful  work 
that  is  obtained  from  explosives  depends  upon  the  class  and  grade 
of  explosive,  the  quantity  used,  its  physical  condition,  the  method  of 
application  and  the  material  blasted,  but  in  submarine  blasting  there 
is  another  factor  that  is  more  liable  to  bo  overlooked  than  any  of 
these  although  it  is  of  great  importance,  namely,  the  effect  of  the 
superincumbent  material. 

In  order  to  illustrate  the  importance  of  this  factor,  tests  on  small 
lead  blocks  and  on  a  high  grade  of  limestone  were  made,  all  conditions 
being  the  same  except  the  character  of  the  superincumbent  material. 
In  one  case  the  quantity  of  explosive  used  was  also  varied. 

The  equipment  used  in  the  small  lead  block  tests  *  is  shown  in 
figure  6.  In  addition  to  the  regular  small  lead  block  equipment, 
cylinders  containing  water  were  used  as  shown  in  the  figure.  In  one 
case  only  the  charge  of  explosive  was  immersed  in  a  cylinder  of 
water,  which  in  turn  rested  on  the  steel  plate  on  top  of  the  lead  block. 
In  the  other  case  the  explosive,  the  steel  plate,  and  t]ie  lead  block 
were  all  immersed  in  the  water.  With  the  explosive  only  immersed, 
the  compression  due  to  explosion  was  17.8  mm.     With  the  explosive, 

a  See  also  pp.  35-36. 
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tlie  steel  plate,  aad  the  block  all  immersed,  the  compression  was  13.0 
mm.  In  each  of  these  testa  100  grams  of  40  per  cent  strength 
gelatin  dynamite  was  used  and  the  lesser  compression  was  a  result  of 
the  confining  effect  of  the  water  surrounding  the  small  lead  block. 

"Adobe  shots"  were  then  made  on  two  liigh-grade  limestone  blocks 

cut  from  the  same  laige  block  and  weighing  215  and  203  pounds 

(see  a  and  c,  PI.  Ill,  A).     Each  block  was  approximately  a  cube, 

measuring  12i  by  12J  by  13  inches.     The  heavier  block  was  selected 

for  teste  in  the  air.     It  was  laid  on  two  6  by  6  inch  timbers,  and  on 

—  the  center  of  the  top  side  a 

SO^am   11-ineh  cartridge 

of  the  40  per  cent  strength 

low~free2dng  dynamite  was 

placed.     A  No.  6  electric 

detonator  was  insert«<l  in 

the  cartridge  and  laid  pai^ 

allel  to  the  vertical  bedding 

planes  of  the  block.     The 

charge    was  then  covered 

with  a  35-pound  mud  cap 

consisting  of  30  pounds  of 

dry  fire  clay  mixed  with  5 

pounds  of  water  (see  c,  PI. 

III,jl)andfired.   Theblock 

was  not  shattered  on  lop, 

but  pieces  were   split   off 

around  the  sides  (see  h,  PI, 

III,  B).     Tlie  other  block  was  tlien  immersed  in  a  barrel  of  water 

haring  a  temperature  of  70°  F.     The  water  was  32  inches  deep,  there 

being  13J  inches  of  water  above  the  block.     The  charge  was  the  same 

as  in  the  previous  trial  except  that  no  muil  cap  was  used,  and  the  charge 

was  coated  with  paraffin  in  order  to  protect  it  from  absorbing  water. 

On  firing  no  apparent  damage  was  done  to  the  block  and  no  cracks 

were  visible.     This  trial  was  then  repeatedon  the  same  block  immersed 

in  water  with  a  charge  of  100  grams  (see  a,  PI.  Ill,  B) .     This  greater 

charge  did  not  break  up  the  block  a-s  much  as  did  the  50-gram  charge 

when  tlie  block  was  in   air  only.     The  following  tabulntion  shows 

comparative  results: 


PlQVlE  S.— Equipment 
auTToundlQg  modlum  i 


Com paraliit  rttiiUt  nf  adobe  thoU  on  limtttont  blockt. 

CondlUon 

Quantity 
ofWocl.            oJeiplcrfv. 

Weight  or 

piece. 

Number  of 
ptewaoi-er 
3  Inches  In 
diuneter. 

weight 

»rihB» 
piece.. 

Total 
wolghlof 
small 
pleceit. 

:  o™™.__^ 

"^'^ 

Animff. 

J 

•  MtM  flrtni  a  fK^cram  chargi'. 


A.  UIHESTONE  BLOCKS  BEFORE  TESTS:  a.  BLOCK  AND  CHADGE  BCroRE  PUTTING  ON  MUD 
CAP  FOR  ADOBE  TEST;  b.  BLOCK  DRILLED  AND  CHARGED  FOR  BLOCKJIOLE  TEST;  «, 
BLOCK  AND  CHARGE  AFTER  PUTTING  ON  MUD  CAP  FOR  ADOBE  TEST. 


.     RESULTS  OF  ADOBE  TESTS:  a.  WITH    BLOCK   IMMERSED    II 
>F  40  PER    CENT  STRENGTH    LOW-FREEZING    0 
>0  SRAMS  OF  SAME  EXPLOSIVE. 


a  RESULTS  OF  BLOCK-HOLE  TESTS:  a. 
GRAMS  OF  40  PER  CENT  STRENGTH  LOV 
CM*RGE.  5  GRAMS  OF  SAME  EJIPLOSIVE. 
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Other  similar  tests  confirmed  in  every  particular  these  tests,  and 
again  the  confining  effect  of  the  surrounding  material  was  shown. 
The  above  experimental  proof  is  presented  as  a  confirmation  of 
practical  experience  that  submarine  blasting  requires  larger  charges 
to  disrupt  a  given  amount  of  material  than  open  w^ork  on  similar 
materials. 

Block-hole  tests  were  made  on  two  similar  liigli-grade  limestone 
blocks  cut  from  the  same  large  block  and  weighing  198  and  205 
pounds.  A  hole  1  inch  in  diameter  and  6  inches  deep  was  drilled 
from  the  center  of  one  side  to  the  center  of  the  block.  (See  6, 
PL  III,  A.)  Each  was  charged  with  5  grams  of  the  40  per  cent 
strength  low-freezing  dynamite.  A  No.  6  electric  detonator  was  used. 
The  bore  hole  was  filled  with  water  in  each  case.  The  198-pound 
block  was  fired  in  air  (see  6,  H.  Ill,  O)  and  the  205-pound  block 
was  suspended  in  a  barrel  of  water  in  the  same  manner  as  in  the 
previous  tests.  Both  blocks  were  broken  (see  a,  PI.  Ill,  C),  The 
following  tabulation  shows  the  confining  effect  of  the  surrounding 
water: 

Comparative  results  of  block-hole  tests  unth  limestone  blocks. 


CondiUon  of  block. 

Quantitv 

of  explosive 

used. 

Weight  of 
block. 

Weight 

of  largest 

piece. 

Number  of 

pieces  over 

2  inches  in 

diameter. 

Average 
weight 

of  pieces 
over  2 

inches  in 

diameter. 

Total 
weight 
of  small 
pieces. 

In  air 

Orams. 
5 
5 

Pounds. 

198 
205 

Pounds. 
52 
50 

15 
11 

Pounds. 
12.7 
18.2 

Pounds. 
7 

In  water 

5 

Incidently  the  tests  with  the  high-grade  limestone  blocks  show  the 
superiority  of  the  block-hole  method  of  shooting  as  compared  with 
a<lobe  shooting,  even  though  the  mud  cap  in  the  abode  shooting  be 
very  large. 

DETERMINATION  OF  THE  RELATIVE  ENERGY  AND 

EFFICIENCY  OF  EXPLOSIVES." 

It  is  evident  that  in  hard-rock  blasting  operations  in  which  a 
shattering  eflfect  is  desired,  the  explosive  reaction  should  be  quick 
and  explosives  shoukl  be  selected  having  a  high  rate  of  detonation. 
Likewise,  for  work  in  soft  and  friable  ground  an  explosive  should  be 
selected  that  develops  gases  at  a  slow  rate,  in  order  that  the  pressure 
exerted  will  be  more  prolonged.  In  medium  hard  rock  one  might 
expect  that  an  explosive  having  an  intermediate  rate  would  be  most 

a  For  detailed  descriptions  of  methods  and  apparatus  used  at  the  Pittsburgh  experiment  station  for  test- 
ing explosives,  see  Bull.  15,  Bureau  of  Mines,  Investigations  of  exploit ves  used  in  coal  mines,  b}*  Clarence 
Hall,  W.  O.  SnelUng,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pittsburgh,  by  Q.  A. 
Burrell,  and  an  introduction  by  C.  E.  Hunroe,  1912.    l\n  pp.,  7  pis. 
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suitable,  but  such  is  not  always  the  case.  The  lack  of  uniformity  in 
rocks  and  the  fact  that  a  perfectly  homogeneous  mass  or  bed  rarely 
exists  are  important  considerations  in  blasting.  In  the  Middle  West 
there  arc  fairly  uniform  Umestone  beds  12  to  14  feet  thick  in  which 
quarry  operations  are  being  conducted.  In  one  of  these  quarries  visited 
by  the  writers,  stone  was  being  produced  in  one  part  of  the  quarry  at  a 
cost  of  6  cents  per  ton  for  the  explosives  used.  An  explosive  having  a 
low  rate  of  detonation  gave  satisfactory  results  there.  In  another 
part  of  the  same  quarry  a  different  type  of  explosive  having  a  much 
higher  rate  of  detonation  was  found  necessary  in  order  to  produce 
stone  at  the  same  cost,  because  local  irregularities,  such  as  clay 
*'sUps"  and  bedding  cracks  were  more  pronounced  in  that  part  of  the 
quarry.  Practical  experience  had  shown  that  an  explosive  that 
develops  its  gases  at  a  slow  rate  loses  much  of  its  energy  through  the 
escape  of  the  evolved  gases  along  the  clay  * 'slips,"  its  efficiency  being 
thus  reduced. 

After  a  suitable  class  of  explosive  has  been  selected,  it  is  necessary 
to  determine  the  grade  or  strength  of  the  explosive  that  is  best 
adapted  to  the  proposed  work  and  that  produces  most  economical 
results.  It  is  well  known  that  the  potential  energy  of  an  explosive 
can  be  computed  by  measuring  in  a  calorimeter  the  heat  evolved  on 
explosion.  The  potential  energy  thus  obtained  represents  the  maxi- 
mum work  that  an  explosive  can  theoretically  accomplish.  But  as 
the  useful  work  resulting  from  the  use  of  explosives  is  a  small  per- 
centage of  the  theoretical  maximum,  and  varies  considerably  with 
the  different  classes  of  explosives,  knowledge  of  the  potential  energy 
of  explosives  is  of  little  value  to  the  engineer  in  selecting  a  suitable 
explosive.  For  example,  blasting  gelatin,  which  is  considered,  on 
account  of  its  high  potential  energy,  the  most  powerful  blasting  agent 
known  and  hence  the  ideal  explosive,  has  seldom  given  satisfactory 
or  economical  results  in  practice  in  this  country.  This  is  probably 
because  the  physical  character  of  blasting  gelatin  is  such  that  rapid 
detonation  is  not  obtained  with  the  means  or  devices  ordinarily  used 
in  tliis  country  for  detonating  explosives. 

It  has  been  impossible  to  devise  a  single  piece  of  apparatus  for 
measuring  both  the  disruptive  and  the  propulsive  effects  produced 
by  explosives.  The  apparatus  used  at  the  Pittsburgh  testing  station 
for  determining  these  factors,  which  approximates  the  determination 
of  the  relative  strength  of  explosives,  is  briefly  described  below,  a 
tabulation  of  the  results  of  tests  made  with  different  explosives  being 
presented. 

MEAStTBElCENT  OF  POTSNTIAIj  ENEBOY. 

The  apparatus  used  at  the  Pittsburgh  experiment  station  for  meas- 
uring the  potential  energy  of  explosives  is  the  calorimeter. 
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CALORIMETEB. 

The  construction  of  the  explosives  calorimeter  is  similar  to  that  of 
the  bomb  calorimeters  used  for  determining  the  heating  value  of  fuels 
The  reacting  bodies  are  exploded  in  a  bomb  enveloped  by  a  mass  of 
water  of  known  weight,  and  the  increase  in  temperature  of  the  water 
is  measured  with  great  precision.  The  bomb  ia  made  large  and 
strong  so  that  it  may  withstand  the  tremendous  pressures  resulting 
from  the  explosion.  It  is  air-tight  and  practically  all  of  the  air  it 
contains  is  pumped  out  by  means  of  a  rotary  pump,  before  the 
charge  is  placed  within  it. 

The  bomb  has  a  capacity  of  30  liters  and  weighs  158  pounds.  It  is 
provided  with  a  cover  tlu*ough  which  the  charge  may  bo  placed,  a 
valve  through  which  the  air  may  be  pumped,  and  an  insulated  plug 
for  carrying  the  electric  current  to  the  detonator  placed  in  the  charge. 
Tlie  charge  used  is  100  grams.  No  oxidizing  material  other  than 
that  supplied  by  the  exjJlosive  itself  is  used.  The  water  in  which 
the  bomb  is  submerged  weighs  182  pounds.  The  rise  in  tempera- 
ture of  tills  water  after  the  explosion  of  a  charge  is  measured  by 
a  thermometer  reading  to  thousandths .  of  a  degree  Centigrade. 
Each  result  herein  reported  is  the  average  of  two  tests  agreeing  within 
5  per  cent. 

MEASUREMENT  OF  DISRUPTIVE  EFFECT. 

The  devices  used  to  measure  approximately  the  disruptive  effect 
of  explosives,  which  bears  a  close  relation  to  the  percussive  or  shat- 
tering force,  are  the  rate  of  detonation  apparatus,  Trauzl  lead 
blocks,  and  small  lead  blocks. 

METTEGANG  RECORDEB. 

The  rate  of  detonation  apparatus  comprises  a  Mettegang  recorder 
and  a  covered  pit  in  which  the  charge  made  up  into  a  cartridge  file  is 
placed  previous  to  the  test. 

The  Mettegang  recorder  consists  of  a  soot-covered  bronze  drum, 
pointed  platinum  terminals,  tooth  gear,  and  measuring  adjustment, 
electric  motor,  vibration  tachometer,  and  induction  coils  having 
primaries  without  iron  cores.  The  drum  is  500  millimeters  in  circum- 
ference ^nd  may  be  driven  at  any  speed  up  to  105  revolutions  per  sec- 
ond. Otoe  edge  of  the  drum  is  provided  with  500  teeth,  the  same 
number  as  there  are  millimeters  in  the  circumference.  An  endless 
screw  engages  these  teeth  and  a  pointer  on  this  screw  moves  on  a 
dial.  Four  platinum  terminals  are  held  by  a  nonconducting  arm 
which  may  be  moved  so  that  the  points  are  any  desired  distance  from 
the  drum.  Each  point  is  in  series  with  a  secondary  coil,  the  other 
terminal  of  which  is  grounded  to  the  drum  through  the  base  of  the 
machine.    Each  primary  coil  is  in  series  with  ten   16-candlepower 
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lamps  and  a  copper  wire  running  through  one  end  of  the  cartridge 
file.  The  current  used  in  the  primary  circuit  has  a  potential  of  220 
volts.  The  vibration  tachomet^jr  is  connected  to  an  auxiliary  shaft, 
which  engages  the  main  sliaft  by  gears,  thus  preventing  any  irregu- 
larity in  speed  due  to  slipping.  The  points  of  the  drum  arc  focussed 
on  the  cross  hairs  of  a  filar  eyepiece  which,  with  tlie  endless  screw, 
provides  an  exact  means  of  measuring  the  distance  between  the  two 
points.  • 

The  pit  in  which  the  cartridge  file  is  suspended  is  16  feet  in  diameter 
and  11  feet  deep,  and  is  closed  at  the  top  by  means  of  a  heavy  rein- 
forced concrete  cover.  A  manhole  in  this  cover  provides  entrance  to 
the  interior. 

Each  rate-of-detonation  residt  herein  reported  is  the  average  of 
two  trials  agreeing  within  5  per  cent.  The  determination  was  made 
on  a  cartridge  file  of  explosive  1\  inches  in  diameter  and  1  meter  in 
length,  inclosed  in  a  galvanized  sheet-iron  tube  42  inches  long  and  1  i 
inches  in  internal  diameter.  Copper  '^dres  leading  from  the  Mette- 
gang  recorder  were  passed  through  the  cartridge  file  1  meter  apart, 
the  cartridge  file  was  exploded,  and  from  the  time  internal  between  the 
breaking  of  the  wires,  as  shown  by  the  recorder,  was  computed  the 
rate  of  detonation. 

The  rate  of  burning  of  black  blasting  powder  was  determined  by- 
placing  it  in  a  hydraulic  pipe  having  an  inside  diameter  of  1 J  inches. 
Each  end  of  the  pipe  was  fided  with  plaster  of  paris,  the  plaster  ex- 
tending for  4  inches  at  one  end  and  for  1  inch  at  the  other  end.  The 
charge  was  fired  by  means  of  an  electric  igniter.  The  time  interval 
was  determined  by  the  Mettegang  recorder. 

DETONATING  FUSE  (CORDEAU  DETONANT). 

A  imiquc  method  for  determining  the  rate  of  detonation  of  explo- 
sives by  means  of  detonating  fuse  (cordeau  detonant),  known  as  the 
Dautriche  method,**  is  as  follows: 

A  cartridge  of  explosive  or  an  explosive  file  is  suspended  freely  in 
the  air,  and  at  two  points  within  the  cartridge  or  file  at  a  known  dis- 
tance apart  are  placed  two  detonators  into  each  of  wliich  is  pre- 
viously crimped  one  end  of  a  continuous  detonating  fuse,  usually 
about  1  yard  long.  This  fuse  is  bent  so  as  to  lie  on  a  lead  plate 
i  by  3  by  15  inches  m  such  a  way  that  its  middle  point  is  directly 
over  a  previously  marked  position  on  the  plate.  The  detonation  of 
the  cartridge  oi  explosive  detonates  the  detonators,  and  these  in 
turn  detonate  an  end  of  the  detonating  fuse.  The  point  on  the 
lead  plate  at  which  the  detonations  in  the  fuse  meet  is  easily  deter- 
mined. The  fuse  has  a  known  rate  of  detonation  and  from  this,  and 
the  distance  between  the  mark  showing  the  middle  point  of  the 

flCoraey,  A.  M.,  Study  of  the  velocity  of  detonation:  7th  Inter.  Cong.  App.  Chem.,  Seo.  Illb,  p.  2S. 
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detonating  fuse  and  the  point  on  the  lead  plate  at  which  the  detona- 
tions meet,  may  easily  be  computed  the  rate  of  detonation  of  the 
explosive.  The  detonating  fuse,  known  as  "cordeau  detonant/'  is 
made  in  diameters  of  4  mm.  and  6  mm.,  costs  about  10  to  15  cents 
per  yard,  and  may  now  be  procured  in  this  coimtry.  A  few  tests 
have  been  made  with  it  at  the  testing  station  of  the  Bureau  of  Mines. 
The  results  obtained  were  fairly  \miform  and  compared  favorably  with 
the  results  obtained  with  a  Mettegang  recorder  as  heretofore  described. 

TRAUZL   LEAD   BLOCKS. 

The  Trauzl  lead-block  test  was  conducted  in  the  manner  approved 
by  the  Fifth  International  Congress  of  Applied  Chemistry.  A  cylin- 
drical block  of  desilverized  lead  200  millimeters  in  diameter  and  200 
millimeters  in  height,  with  an  axial  bore  hole,  25  miUimcters  in  diam- 
eter and  125  millimeters  deep,  was  used.  A  chaise  of  10  grams  of 
explosive  was  tamped  with  dry  sand  to  the  mouth  of  the  bore  hole 
and  fired.  No  effort  was  made  to  confine  the  explosive  further  by 
means  of  plates  and  a  yoke.  The  expansion  of  the  bore  hole  was 
determined  in  cubic  centimeters  by  measuring  the  volume  of  the  bore 
hole  with  water  before  and  after  firing.  Each  result  herein  reported 
is  the  average  of  two  tests  agreeing  within  5  per  cent. 

SMALL   LEAD   BLOCKS. 

The  small  lead  blocks  are  cylindrical  in  shape,  2^  inches  long,  and 
1^  inches  in  diameter.  Each  block  is  inclosed  in  a  piece  of  paper  in 
such  a  way  that  a  shell  in  which  to  place  the  charge  is  formed  above 
the  block.  An  annealed  steel  disk  1^  inches  in  diameter  and  one- 
fourth  inch  high  is  placed  on  top  of  the  block.  The  block  is  placed  on 
a  firm  horizontal  base  previous  to  firing  the  charge.  A  50-gram 
charge  of  normal  specific  gravity  is  used  in  these  tests.  The  electric 
detonator  is  centrally  placed  in  the  top  of  the  charge.  Compression 
of  the  lead  block  ia  determined  in  millimeters  from  its  height  before 
and  after  tlie  explosion  of  the  charge.  Each  result  herein  reported 
is  the  average  of  two  tests  agreeing  witlxin  5  per  cent.  This  test  is 
not  suitable  for  use  with  black  blasting  powder  as  it  provides  little 
confinement  for  the  charge. 

The  results  of  tests  made  to  determine  the  disruptive  eflFect  of  the 
various  classes  of  explosives,  as  measured  by  the  rate-of-detonation 
apparatus,  Trauzl  lead  blocks,  and  small  lead  blocks,  is  given  in  the 
accompanying  tabulation.  The  strength  of  40  per  cent  nitro- 
glycerin dynamite  is  taken  as  100  per  cent  and  the  values  for  other 
grades  are  computed  on  tliis  basis. 
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ResulU  o/letU  of  the  disruptive  effect  of  explotives. 


Class  and  grade  of  ezploaiTe. 


30  per  cent  "straight"  nitroglycerin 
ayn 


lynamlte. 
per  cent " 
lynamlte. 


40  per  cent  "straight"  nitroglycerin 
dyi 


50  per  cent  "straight "  nitroglycerin 
dy] 


^j'namite 

Oa  Mr  cent  ••straight"  nitroglycerin 
drnamite 


lynamlte 
90  per  cent  strength  )ow<freezing 

dynamite 

40  per  cent  strength  ammonia  dyna* 

mite 

40  per  eent  strength  gelatin  dyna^ 

mite 

A  per  cent  granulated  nitroglycerin 

powder 

BlMk  bfanting  powder 


% 

•c 


u 
u 
u 
u 
u 
u 
li 

II 


o 


05   '    fire 


6 
6 

e 

6 
6 

e 

6 
a6 


Rate  of  detonation. 


en 


g 


1.31 

1.24 

1.38 

1.37 

1.14 

1.57 

1.65 

1.21 
1.25 


I 
4,548  '  14.»20 
4,772  ;  15,650 
5,748     18,850 


&,246 
6,072 
3,157 
4,943 

1,018 

469 


20.400 

16,040 

10,350 

16,210 

3.340 
1,540 


h 
u 


95.3 
100.0 
120.5 

130. » 

106w3 

66.2 

103.6 

21.3 

9.8 


Tntasl 
blocks. 


a 


196 

267 

281 

321 

246 

202 

195 

58 
28 


Sua 


£ 


73.4 
100.0 
10&2 
120.2 

92.1 

75.7 

73.0 

21.7 
10.5 


Small  lead 
blocks. 


o 


P4 


17.3 
20.7 
21.1 
22.4 
17.0 
12.8 
12.1 

4.5 

0.0 


83.6 

100.0 

I0I.9 

106.2 

82.1 

61.8 

56. 5 

21.7 
0.0 


a  A  primer  of  40  per  cent  "straight"  nitroglycerin  dynamite,  representing  10  per  cent  by  wei^t  of  £he 
charge,  was  used  in  aU  the  testa  with  this  powder  except  those  with  the  Trauzl  lead  blocks,  and  the  energy 
prpdtieed  by  the  primer  is  not  included,  except  in  the  small  lead-bk)ck  tests. 

0  Biack-powder  igniter  used. 

•  MEA8XJBBMBNT  OF  PBOPTTLSIVfi  BFFECrT. 

The  apparatus  used  to  measure  approximately  the  propulsive 
effect  of  explosives,  wliicli  corresponds  closely  to  their  heaving  or 
puahingforce,  are  the  Bichel  pressuregages  and  the  ballistic  pendulum. 

BICIIEL   PRESSURE   GAGES. 

The  pressure  exerted  by  explosives  is  determined  by  means  of  the 
Bichel  pressure  gages.  The  test  determines  the  theoretical  maximum 
pressure  developed  by  an  explosive  in  its  own  volume  after  the  elim- 
ination of  the  cooling  influence  of  the  surface  of  a  gage. 

The  gages  comprise  two  stout  steel  cylinders  tlxat  may  be  made 
air-tight,  each  having  an  insulated  plug  for  providing  a  means  of 
igniting  the  charge,  an  air  pump  and  proper  connections  for  exliaust- 
ing  the  air  in  either  cjiinder  to  an  absolute  pressure  of  10  mm.  of 
merciiry,  a  valve  by  means  of  which  tliis  air  pump  can  be  isolated 
from  the  cylinder,  and  an  indicator  mechanism,  the  drum  of  wliich 
may  be  driven  by  a  motor  at  a  known  speed.  The  cover  of  each  cyl- 
inder is  a  heavy  piece  of  steel  held  in  place  by  12  heavy  stud  bolts 
and  an  iron  yoke.  The  piston  of  the  indicator  has  a  diameter  of 
0.3937  cm.  and  is  resisted  by  one  of  several  spiral  springs  of  different 
strength.  The  particular  one  used  is  determined  by  the  character 
of  the  explosive  tested.  The  graphic  record  of  the  pressure  developed 
within  the  cylinder  is  recorded  on  a  paper  placed  on  the  circumfer- 
ence of  the  indicator  drum.  One  of  the  cylinders  has  a  capacity  of 
15  liters.     The  other  cylinder  is  similar  to  the  15-liter  cylinder  in  all 
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particulars  ^cept  that  its  capacity  is  20  liters.  In  it,  however,  one 
or  tliree  steel  cylinders  are  placed  to  reduce  the  capacity  to  15  liters. 
The  15-liter  cylinder  has  a  cooling  surface  of  3,914  sq.  cm.  The 
20-liter  cylinder  has  a  cooling  surface,  when  the  one  laige  steel  cj^lin- 
der  is  in  place,  of  6,555  sq.  cm.,  or,  when  the  three  smaller  steel 
cylinders  are  in  place,  of  7,624  sq.  cm.  The  charge  of  explosive  used 
is  200  grams  plus  the  weight  of  the  paper  \^Tapper.  The  weight  of 
the  wrapper  bears  the  same  relation  to  the  weight  of  the  explosive 
used  in  the  test  that  it  bears  to  the  weight  of  the  explosive  in  the 
original  cartridge.     Each  result  is  the  computed  pressure  in  own 

VPS 

volume  as  determined  by  the  formula  M=  vy  ,  in  which  V  repre- 
sents the  volume  of  the  gage,  which  is  always  15,000  cubic  centi- 
meters; S,  specific  gra-idty  of  the  cartridge,  and  W,  the  weight  in 
grams  of  the  charge  used  in  the  test.  It  is  important  to  observe  the 
direct  effect  that  the  specific  gravity  has  on  the  computed  pressure 
in  own  volume,  because  any  increase  in  the  specific  gravity  gives 
a  corresponding  increase  in  the  computed  pressure  in  omtx  volume. 
This  relation  is  illustrated  in  the  case  of  the  30  per  cent  "straight" 
nitn^lycerin  dynamite  ia  the  table  on  page  47. 

P  is  determined  by  means  of  the  formula  P  =  1.91lA-f  0.5B  — 
1.411C,  in  which  P  represents  the  pressure  with  elimination  of  cooling 
surface  and  probable  error;  A,  pressure  developed  with  cooling  surface 
of  3,914  sq.  cm.;  B  the  pressure  developed  with  cooling  surface  of 
6,555  sq.  cm.;  and  C  the  pressure  developed  with  cooling  surface 
of  7,624  sq.  cm.  This  formula  expresses  the  geometrical  relation 
obtained  by  platting  the  average  pressure  developed  in  two  tests, 
agreeing  within  5  per  cent  for  each  cooling  surface,  against  the  area 
of  the  cooling  surface,  the  line  drawn  through  the  three  points  being 
extended  to  the  ordinate  of  zero  cooling  surface.  By  platting  the 
pressures  against  the  cooling  surfaces  the  effects  of  the  cooling  sur- 
faces Bre  eliminated. 

BALLISTIC   PENDULUM. 

The  ballistic  pendulum  is  used  to  measure  the  deflective  force  of 
explosives.  The  apparatus  consists  of  a  12.2-inch  mortar  suspended 
as  a  pendulum  from  a  beam  having  knife  edges,  supported  by  two 
massive  concrete  piers,  a  cannon  mounted  on  a  truck,  a  track  upon 
which  the  truck  rests,  and  an  automatic  recording  device.  The 
mortar  weighs  31,600  potinds  and  hangs  in  two  U-shaped  rods.  The 
rods  pass  through  and  are  held  by  two  cast-steel  saddles  which  fit 
over  the  supported  beam.  The  radius  of  the  swing  measured  from 
the  piint  of  the  knife  edges  to  the  center  of  the  trunnions  is  89  J 
inchiv 
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The  cannon  is  24  inches  in  diameter  and  36  inches  long,  and  its 
axial  bore  is  2  J  inches  in  diameter  and  21  ^  inches  deep. 

The  swing  of  the  mortar  is  measured  by  an  automatic  recordmg 
device  which  consists  of  a  movable  scale  and  a  vernier  set  on  a  metal 
base  fastened  to  a  concrete  footing.  The  scale  is  actuated  by  a  long 
rod  set  in  guides  which  bears  against  a  stud  bolt  in  the  bottom  of  the 
mortar  directly  below  its  center  of  gravity.  The  scale  moves 
tangentially  to  the  swing  of  the  mortar;  the  radius  of  the  swing, 
measured  from  the  knife-edge  bearings  to  the  center  of  the  rod  or 
base  of  the  stud,  is  11 4^^  inches.  The  swing  is  measured  to  one 
hundredths  of  an  inch.  The  standard  unit  of  comparison  is  a  charge 
of  227  grams  (one-half  pound)  of  40  per  cent  ''straight"  nitroglycerin 
dynamite. 

The  explosive  to  be  tested  is  charged  in  the  cannon  without  air 
space  around  the  charge.  One  pound  of  dry  fire  clay  is  used  as 
stemming  to  confine  the  charge.  The  charge  is  fired  with  a  No.  6 
electric  detonator  and  each  result  reported  herein  is  the  average  of 
two  trials  agreeing  within  5  per  cent.  In  testing,  the  method  of 
procedure  is  as  follows : 

Two  trials  are  made  with  227  grams  of  the  Pittsburgh  station 
standard  40  per  cent  ''straight*'  nitroglycerin  dynamite,  and  the 
average  of  the  two  swings  is  taken  as  the  unit  swing.  One  pre- 
liminary trial,  or  more  if  necessary,  is  then  made  with  the  ex- 
plosives being  tested  to  determine  the  approximate  unit  deflective 
charge.  Two  trials  are  then  made  with  this  weight  of  explosive 
and  if  the  average  swing  of  these  two  trials  is  within  two-tenths 
of  an  inch  of  the  standard  swing  the  unit  deflective  charge  is  com- 
puted from  this  preliminary  charge  by  direct  proportion,  as  follows: 
The  average  swing  for  the  explosive  is  to  the  unit  swing  as  the 
trial  charge  is  to  the  unit  deflective  charge.  The  distance  of  the 
caimon  from  the  muzzle  of  the  mortar  is  always  one-sixteenth  of  an 
inch,  a  slight  separation  being  necessary  for  the  passage  of  the  legs  of 
the  electric  detonator  or  electric  igniter.  In  order  that  the  mortar 
may  always  hang  from  the  same  center  the  knife  edges  are  trammeled 
before  each  trial. 

The  results  of  tests  made  to  determine  the  propulsive  effect  of  the 
various  classes  of  explosives  as  measured  by  the  pressure  gages  **  and 
the  ballistic  pendulum  are  given  in  the  accompanying  tabulation. 

a  See  Bichel,  C.  £.,  New  methods  of  testing  explosives,  iSOo,  pp.  5-M)2. 
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Results  of  tests  of  the  propulsive  effect  of  explosives. 


Clua  and  grade  of  ex- 
plosive. 


30  percenfstraighr'  nj- 

trogtyoenn  dynamite. 
C  pereent'*strai^r'  ni- 

tix^^oerin  djmamite . 
SO  percent  ''straight"  ni- 

fro^yoerin  dynamite. 
60  per  cent  '^sUaight''  ni- 

trogiyoerin  dynamite . 
60  per  cent  strength 

low-freezing  dynamite 
40  per  cent  strength 

ammonia  dynamite . . 
40  per  cent   strength 

goatin  dynamite 

5  per  cent'  granulated 

nitroglycerin  powder. 
Black  blasting  powder. 
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alOO.O 
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79.2 
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Ballistic 
pendulum. 
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80.4 
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1,145.8 
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100.0 
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Or. 
214.0 

213.0 

213.0 


213.5 


213.4 

212.0 

207.0 

206.0 
205.0 


95  9 


Liters. 
182 

1S9 

226 

274 

361 

140 

132 

136 
150 


o  Seeming  discrepancy  due  to  difference  in  specific  gravity. 

h  The  low  calorific  value  is  due  to  the  rather  large  volume  of  hydrogen  and  carbon  monoxide  formed,  and 
to  the  iact  that  the  calorimeter  leaked  slightly  because  of  high  pressures. 

c  The  low  calorific  value  is  due  to  the  large  vol  lune  of  h  y drogen  and  carbon  monoxide  formed . 

'  No  oOTTBctlon  made  for  heat  of  condensation  of  water. 

«  A  primer  of  40  per  cent  "  straight"  nitroglycerin  dynamite,  representing  10  per  cent  by  weight  of  tlie 
diaree,  was  used  in  all  tests,  but  the  energy  produced  by  the  primer  is  not  included. 

/  Black-powdar  igniter  used. 

COMPARISON  OF  EXPLOSIVES  AS  TO  ENERGY. 

As  a  result  of  tests  the  tabulation  following  has  been  prepared  to 
show  a  comparison  of  various  classes  and  grades  of  explosives  as  to 
potential  energy  and  disruptive  and  propulsive  effects. 

The  percentage  strength  representing  potential  energy  is  the  result 
obtained  with  tests  with  the  calorimeter;  the  percentage  strength 
representing  disruptive  effect  is  the  average  of  the  rate  of  detonation, 
Trauzl  lead  block,  and  small  lead  block  percentages;  and  the  per- 
centage strength  representing  propulsive  effect  is  the  average  of  the 
pr^sure-gage  and  the  ballistic-pendulum  percentages.  Jn  each  case 
the  40  per  cent  ''straight"  nitroglycerin  dynamite  is  taken  as  the 
unit  of  comparison  with  a  value  of  100  per  cent. 

57258°— 13 i 
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Results  of  tests  to  determine  potential  eirwrgy  and  disruptive  and  propulsive  effects  of 

explosives. 


Class  and  grade. 

Percentage 
strength  repre- 
senting 
potential 
energy. 

Average   per- 

eentsge 
strength  repre- 
senting disrup- 
tive eHect. 

Average  per- 
centage 
strength  repre- 
senting pro- 
pulsive effect. 

30  per  cent  "strairiit"  nitrodvcerin  dynamito 

93.1 
100.0' 
lll.O 
104.0 

60.2 
101.8 
105.7 

C7.6 

71.6 

84.1 

100.0 

109.2 

119.8 

93.5 

67.9 

78.4 

21.6 

6.8 

Ofi  8 

40  per  cent  "straight"  nitroglycerin  dynamite 

100.0 

50  per  oont  "straight"  nitroglycerin  dynamite 

107  4 

CO  per  cent  "straiglit"  nitroglycerin  dynamite 

H4  9 

CO  per  cent  strength  low-freozmg  dynamite 

91  2 

40  per  cent  strength  ammonia  dynamite 

40  per  cent  strength  gelatin  d vnamite 

99.1 
95  S 

5  per  cent  granulateu  nitrodycerin  nowder 

53  3 

Black  blasting  powder 

58  fi 

The  relative  disruptive  and  propulsive  effects  tabulated  above  are 
shown  graphically  in  figure  7. 

PRACTICAL  VALUE  OF  PHYSICAL  TESTS. 

The  figures  given  in  the  foregoing  table  are  fairly  consistent  with 
general  practice,  and  it  is  believed  that  the  classification  will  serve  as 
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Diamptive  effect,  per  cent. 
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iJL-^  CX  jHZL^ 


EXPLOSIVE 

BUck  blastin;  powder  (FFf) 

5  per  cent  granulated  powder 

AO  per  cent  Btrength  ammonia  dyxiamlta 

10  per  cent  strength  golatin  dynamito 

30  per  cent  "•traight"  nitroglyoeria  dynamito 

00  per  cent  strength  low-freezing  dynamito 

40  per  oent  "straight"  nitroglyoeriu  dynamito 

60  por  cent  "straight"  nitroglycerin  djnoamito 

00  per  oent  "straight"  nitroglycerin  dynamito 

FiouRB  7.^Gomparative  energies  of  commercUil  explosiTes.  Disraptlve  effect  indicated  represents 
averages  of  energies  developed  In  the  Tranzl  lead-block,  small  lead  lilock,  and  rate-of-detonation  tests; 
propulsive  effect  indicated  represents  averages  of  ballistkypendalum  and  pressure-gage  tests. 

a  useful  guide  for  comparing  the  practical  value  of  explosives.  It  is 
worthy  of  note  that  the  potential  energy  of  40  per  cent  strength 
ammonia  dynamite  and  of  40  per  cent  strength  gelatin  dynamite 
(that  is,  the  theoretical  maximum  work  that  these  explosives  can 
accomplish)  is  higher  than  that  of  40  per  cent  ' 'straight''  nitro- 
glycerin dynamite,  but  that  the  disruptive  and  propulsive  effects, 
which  represent  the  useful  work  done  as  shown  by  actual  tests,  are 
less  than  those  of  40  per  cent  dynamite.  Accordingly,  40  per  cent 
'^ straight"  nitroglycerin  dynamite  is  more  economical  for  general 
use  in  blasting  operations  if  the  conditions  and  character  of  the  work 
are  such  as  to  permit  its  use;  nevertheless,  the  40  per  cent  strength 
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ammonia  dynamite  and  the  40  per  cent  strength  gelatin  dynamite 
are  more  efficient  and  economical  for  certain  kinds  of  work  that 
require  explosives  having  a  large  propulsive  effect  and  a  com- 
paratively small  disruptive  effect.  For  example,  in  blasting  soft 
rock,  40  per  cent  ''straight"  nitroglycerin  dynamite,  which  has  a 
very  high  percussive  force,  may  be  too  quick  in  action,  whereas  the 
ammonia  dynamite  or  the  gelatin  dynamite  having  practically  the 
same  heavii^  and  pushiiig  action  and  less  percussive  force  will  be 
more  suitable.  The  tests  also  show  that  60  per  cent  strength  low- 
freezing  dynamite  is  not  quite  equivalent  to  the  40  per  cent ' 'straight " 
nitroglycerin  dynamite.  The  60  per  cent  strength  low-freezing 
dynamite  contained,  by  analysis,  2.61  per  cent  moisture  and  41.43  per 
cent  nitroglycerin.  This  content  may  be  cited  as  one  of  the  many 
reasons  for  the  need  of  uniform  rating  of  explosives  in  this  country. 
It  is  worthy  of  note  that  black  blasting  powder  has  little  disruptive 
effect ;  it  has  only  about  one- third  of  the  disruptive  effect  of  granulated 
nitroglycerin  powder. 
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EXPLOSIVES. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
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PREFACE. 


The  Bureau  of  Mines  is  endeavoring  to  ascertain  how  mineral  fuels 
in  which  the  Government  has  a  direct  interest,  by  ownership  or  use, 
can  be  utilized  with  highest  efficiency.  For  this  reason  the  bureau 
has  been,  and  is,  carrying  on  investigations  to  ascertain  the  condi- 
tions of  furnace  construction  and  management  that  are  necessary  to 
insure  the  smokeless  combustion  of  the  different  coals  that  are  found 
in  public  lands  or  are  purchased  for  Government  ships  and  power 
plants. 

Another  reason  for  the  bureau  undertaking  these  investigations 
is  the  need  of  better  furnace  management  and  a  more  careful  selec- 
tion of  fuel  at  many  Government  plants.  There  are  Federal  build- 
ings in  hundreds  of  cities.  The  coals  available  at  many  of  these 
cities  differ  greatly  in  quality,  and  the  furnaces  in  some  of  the  Fed- 
eral buildings  were  not  designed  for  efficient  utilization  of  the  cheap- 
est available  coal.  Hence,  some  of  the  boiler  plants  smoke  badly 
unless  fed  with  low-volatile  coal  and  have  caused  repeated  com- 
plaints not  only  from  neighboring  property  owners  who  have  suffered 
damage,  but  from  persons  endeavoring  to  create  a  civic  pride  in 
clear  air. 

In  the  course  of  its  fuel  investigations  the  bureau  has  noted  the 
conditions  governing  fuel  consumption  in  different  cities  and  has 
stadied  the  attempts  made  by  these  cities  to  abate  smoke  through  the 
passage  of  ordinances  imposing  penalties  on  smoky  stacks.  Some 
results  of  that  study  are  presented  in  this  report.  The  most  im- 
portant conclusion  reached  is  that  smoke  abatement  by  ordinance 
can  not  hope  to  succeed  unless  supported  by  public  sentiment  and 
that  a  smoke  ordinance  should  look  to  future  prevention  rather  than 
to  immediate  prohibition.  In  other  words,  strict  control  of  furnace 
construction  offers  much  greater  hope  for  smoke  abatement  than 
desultory  imposition  of  severe  penalties  on  the  escape  of  "  dense  "  or 

"  black  "  smoke. 
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SMOKE  ABATEMENT  AND  CIH  SMOKE  ORDINANCES. 


By  Samuel  B.  Flago. 


INTBODTJCTION. 
GENERAL  TNTEKE8T  IN  SMOKE  ABATEMENT. 

Almost  from  the  inception  of  the  fuel-testing  work  begun  by  the 
Government  in  1904  the  determination  of  ways  and  means  for  smoke- 
lessly  burning  fuels  from  different  sections  of  the  United  States  has 
been  deemed  of  great  importance  by  the  officials  in  charge  of  the 
work.  The  results  of  some  of  the  investigations  along  this  line  have 
been  published  as  bulletins  ^  of  the  United  States  Geological  Survey 
and  of  the  Bureau  of  Mines.  The  large  demand  for  these  bulletins 
has  indicated  that  the  subject  is  of  much  interest  to  the  public. 

Since  the  fuel -testing  investigations  were  begun  in  1904,  and  in, 
some  measure  because  of  them,  a  marked  improvement  has  been  made 
in  the  smokeless  burning  of  many  fuels,  and  particularly  in  the  burn- 
ing of  bituminous  coal.  This  advance  has  resulted  partly  from  a 
desire  to  improve  general  power-plant  economy,  but  more  largely^ 
from  a  public  demand  for  less  smoke.  Unfortunately,  many  of  those 
who  have  been  working  on  the  problem  of  smoke  prevention,  or  smoke 
abatement,  have  not  had  a  thorough  understanding  of  the  basic  prin- 
ciples involved,  and  consequently  much  effort  has  been  misdirected. 
Even  to-day  smoke  prevention  means  to  a  large  number  of  persons 
the  application  of  some  special  device,  some  "smoke  consumer," 
which,  if  placed  in  the  stack  or  in  the  smoke  passages,  will  in  some 
way  consume  the  smoke. 

CAUSE  OF  S^fOKE. 

Although  ^ch  a  method  of  preventing  smoke  may  not  be  an  im- 
possibility, it  is  impractical.  Smoke  is  usually  caused  by  relatively 
cool  surfaces  being  too  near  to  the  fuel  bed  or  to  the  point  where  fuel 
is  fed  into  the  furnace,  and  the  logical  way  of  preventing  smoke  is  to 
move  these  cool  surfaces,  such  as  the  water-oooled  surfaces  of  a  boiler, 
farther  from  the  fuel  bed,  change  the  method  of  feeding  the  fuel  into 
the  furnace,  or  make  additional  provision  in  the  furnace  for  mixing 
the  combustible  gases  with  the  incoming  air.  To  illustrate:  If  a 
small  block  of  cold  iron  be  lowered  well  into  the  chimney  of  an  ordi- 
nary kerosene  lamp  burning  with  normal  height  of  flame,  smoke 
immediately  appears  at  the  top  of  the  chimney  because  the  cool  siir- 

•  Randall,  D.  T.,  The  smoke  problem  at  boiler  plants,  a  preliminary  report :  IJ.  S.  Oeol. 
Rnrrey  Bnll.  S34.  1908,  26  pp.  (revised  and  reprinted  as  Bull.  39,  Bureau  of  Mines)  ; 
Randall,  D.  T..  and  Weeks,  H.  W.,  The  smokeless  combustion  of  coal  in  boiler  furnaces, 
with  a  chapter  on  central  heating  plants:  U.  8.  Geol.  Survey  Bull.  373,  1909,  188  pp. 
(reriied  and  reprinted  as  Bnll.  40.  Bureau  of  Mines). 
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faces  of  the  iron  lower  the  temperature  of  the  gases  within  the 
chimney  below  the  temperatures  at  which  those  gases  bum.  To  pre- 
vent this  smoke  it  is  unnecessary  to  attach  a  ^^  smoke  consumer "  to 
the  top  of  the  chimney;  if  the  block  of  iron  be  gradually  raised  the 
smoke  decreases,  and  when  raised  to  a  certain  height  the  iron  no 
longer  causes  the  lamp  to  smoke. 

RESULTS  OF  SMOKY  CONDmONS. 

In  popular  discussions  of  the  smoke  problem  attention  is  fre- 
quently called  to  the  "  enormous  losses  "  resulting  from  the  failure  to 
bum  the  solid  carbon  particles  that  pass  out  of  the  stack  in  smoke. 
If  this  were  the  only,  or  even  the  greatest  loss  attributable  to  smoke 
emission,  the  need  for  smoke  abatement  would  concern  only  those 
using  a  given  fuel  and  might  be  overlooked,  inasmuch  as  the  heating 
value  of  the  carbon  escaping  as  solid  particles  represents  only  1  to  3 
per  cent  of  the  total  heat  units  in  the  coal  used.  There  are,  however, 
other  losses  through  incomplete  combustion  that  usually  accompany 
the  loss  noted  and  are  of  greater  moment ;  they  result  from  the  partial 
burning  of  carbon  to  carbon  monoxide  (CO),  and  from  the  escape  of 
unbumed  hydrogen  and  hydrocarbons.  Under  some  conditions  of 
furnace-  design  the  latter  losses  may  amount  to  20  per  cent  of  the 
heating  value  of  the  coal. 

When  furnaces  are  operating  under  smoke-producing  conditions,  not 
*only  is  fuel  wasted  but  the  damage  resulting  from  the  effects  of  the 
smoke  is  enormous  and  affects  the  public  directly.  It  has  been  esti- 
mated that  in  Cleveland,  Ohio,  this  damage  amounts  to  $12  per 
capita  per  annum.  In  Chicago,  111.,  the  damage  has  been  estimated 
to  equal  four-fifths  of  all  the  taxes  levied  in  that  cit^  for  municipal 
purposes,  or  a  sum  equivalent  to  at  least  80  per  cent  of  the  cost  of  all 
the  coal  burned  in  the  city.  The  many  ways  in  which  this  damage 
makes  itself  felt  will  not  be  discussed  in  this  bulletin,  but  some  of 
the  principal  ones  are :  By  increased  expenditures  for  repairing  and 
repainting  exteriors  and  interiors  of  buildings,  for  artificial  light 
made  necessary  by  the  decreased  amount  of  sunlight,  fot  laundering 
and  cleaning,  and  by  injury  to  vegetation. 

DEMAND  FOR  SMOKE  ABATEMENT. 

With  the  introduction  of  special  methods  or  improved  equipment 
for  burning  different  fuels  came  the  proof  that  smoke  could  be  largely 
reduced  or  entirely  prevented.  At  the  same  time  people  began  to 
realize  the  losses  and  the  damage  resulting  from  smoke  emission  and 
to  demand  that  steps  be  taken  to  abate  smoke.  This  demand  has 
been  expressed  by  the  action  of  chambers  of  commerce  and  of  civic 
associations  and  leagues,  as  well  as  by  the  passage  and  enforcement 
of  smoke  ordinances  by  nearly  all  the  large  cities  of  the  country.  It 
is  quite  certain  that  the  greatest  advances  in  smoke  abatement  in  our 
cities  have  come  in  the  past,  and  must  come  in  the  future,  through  the 
organized  effort  of  the  city  smoke-inspection  departments,  supple- 
mented by  the  active  cooperation  of  citizens. 
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In  connection  with  the  fuel  investigations  conducted  by  the  Bureau 
of  Mines  much  information  has  been  accumulated  as  to  the  smoke- 
abatement  activities  in  various  cities.  The  essential  features  of  the 
information  are  presented  in  this  report,  which,  it  is  believed,  will  be 
of  public  interest  and  benefit,  especially  to  those  communities  that  are 
just  beginning  organized  effort  to  abate  unnecessary  smoke. 
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PACTOBS  APFECTING  SMOKE  CONDITIONS  IN  CITIEa 

There  are  probably  no  two  cities  in  the  United  States  in  which  the 
conditions  affecting  the  problem  of  smoke  abatement  are  even  ap- 
proximately the  same.  The  differences  are  caused  by  a  numbet*  of 
factors,  among  which  may  be  mentioned  the  status  of  public  opinion, 
the  existence  or  lack  of  proper  smoke  ordinances,  organization  and 
personnel  of  smoke  departments,  topographic  and  climatic  condi- 
tions, character  of  the  fuel  used  for  commercial  and  domestic  pur- 
poses, nature  and  extent  of  the  industrial  activities,  and  the  volume  of 
railroad  and  steamboat  or  steamship  traffic. 

A  strong  public  sentiment  in  favor  of  smoke  abatement  is  almost 
an  absolute  necessity  if  satisfactory  results  are  to  be  accomplished. 
If  the  smoke  ordinance  is  defective  or  if  the  organization  charged 
with  its  enforcement  does  not  see  that  its  provisions  are  carried  out 
there  will  be  slow  progress.  Topographic  and  climatic  conditions 
have  their  influence  upon  the  location  of  industrial  plants,  upon  the 
location  of  railways  and  their  grades,  and  upon  the  quantity  of  fuel 
used  for  different  purposes.  As  to  the  character  of  the  fuel,  it  can 
readily  be  seen  that  where  anthracite  coal,  fuel  oil,  or  natural  gas  is 
available  and  can  be  economically  used  in  any  considerable  percentage 
of  the  furnaces,  smokeless  combustion  in  those  furnaces  can  be  ob- 
tained with  relative  ease.  It  is  well  known,  however,  that  brick 
kilns,  heating  and  annealing  furnaces,  puddling  furnaces,  as  well  as 
locomotive  and  steamboat  boilers,  are  among  the  most  difficult  to 
fire  without  smoke,  so  that  the  proportion  of  such  furnaces  to  the 
total  number  in  a  city  must  be  taken  into  account  in  making  com- 
parisons.   According  to  the  Chicago  smoke  department,^  locomotives 

'Beport  of  the  Department  of  Smoke  Inspection,  city  of  Chicago,  1911,  pp.  39-40. 
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produce  43  per  cent  of  all  the  smoke  emitted  in  Chicago,  and  the 
special  furnaces  are  responsible  for  12^  per  cent. 

The  status  of  the  smoke-abatement  work  in  each  of  the  principal 
cities  is  due  mainly  to  the  influence  of  the  several  factors  mentioned. 
The  extent  to  which  any  one  of  these  factors  is  responsible  for  the 
existing  conditions  in  a  particular  city  could  be  estimated  only  by 
those  thoroughly  familiar  with  every  phase  of  the  work  in  that  city, 
and  acquainted  in  some  degree  with  conditions  in  other  cities  as  welL 

Undoubtedly  the  greatest  improvement  in  connection  with  smoke 
emission  has  been  made  in  the  stationary  steam-boiler  furnaces, 
although  in  some  localities  the  amount  of  locomotive  and  steamboat 
smoke  has  been  greatly  reduced.  The  explanation  for  this  greater 
improvement  in  the  one  class  of  furnaces  lies  in  the  fact  that  much 
more  is  known  regarding  the  proper  design  of  such  furnaces,  the  con- 
ditions of  their  operation  and  the  limitations  of  their  design  are 
ordinarily  not  so  exacting,  and  the  personal  element  is  more  easily 
controlled.  Most  of  the  railroads  issue  to  their  enginemen  instruc- 
tions for  firing  so  as  to  prevent  smoke  and  waste  of  fuel,  and  some  of 
the  roads  maintain  their  own  force  of  instructors  and  smoke  inspec- 
tors. Where  such  inspectors  are  detailed  and  the  firemen  fc^ow 
closely  the  instructions  given,  a  marked  reduction  in  smoke  is  noted. 
Ordinarily  more  attention  is  given  to  passenger  locomotives,  and 
to-day  the  engines  for  freight  service  and  shunting  work  produce 
more  smoke  than  those  in  passenger  service.  Another,  and  one  of 
the  most  serious  phases  of  the  problem  of  reducing  the  smoke  incident 
to  the  operation  of  railroads,  is  the  elimination  of  smoke  from  round* 
houses  and  from  engines  standing  in  yards. 

Some  of  the  special  furnaces  have  been  made  more  nearly  or  quite 
smokeless  by  the  use  of  gas,  fuel  oil,  or  pulverized  fuel,  but  the  adop- 
tion of  these  fuels  does  not  guarantee  the  elimination  of  smoke;  in 
fact,  the  writer  has  seen  some  furnaces  using  them  that  were  among 
the  worst  offenders.  In  some  cities  the  difficulty  of  making  the  stacks 
of  these  special  furnaces  smokeless  has  been  given  consideration,  and 
such  stacks  have  been  exempted  by  the  ordinances ;  in  other  cities  the 
smoke  departments,  realizing  this  difficulty  and  following  a  gen- 
eral policy  of  cooperation  with  plant  owners,  have  worked  with  the 
owners  or  operators  to  bring  about  as  much  improvement  as  possible 
and  have  brought  no  suits  so  long  as  the  operators  appeared  to  be 
making  every  effort  to  comply  with  the  ordinances. 

STATUS  OF  SHOKErABATEMENT  WOBX  IN  THE  TTNITED  STATSa 

With  the  idea  of  learning  more  definitely  the  status  of  smoke- 
abatement  work  in  this  country  the  Bureau  of  Mines  recently  sent 
out  circulars  of  inquiry  to  the  officials  and  the  antismoke  organizit- 
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tions  of  all  the  principal  cities.  From  the  replies  to  these  circulars 
and  from  information  obtained  by  personal  inspection  condensed 
statements  in  regard  to  the  existing  conditions  in  some  of  these  cities 
have  been  prepared  and  are  given  in  the  following  pages. 

In  studying  the  data  submitted  by  the  smoke  inspectors  or  other  offi- 
cials the  cities  were  divided  according  to  population  into  three  main 
groups,  viz,  (1)  cities  having  less  than  60,000  inhabitants,  (2)  cities  of 
50,000  to  200,000  inhabitants,  and  (3)  cities  of  over  200,000  inhabitants. 

dTEBS  OF  LESS  THAN  200,000  INHABITANTS   (OROUFS  1  AND  2). 

Out  of  approximately  240  cities  in  the  first  group  only  12  reported 
having  either  a  smoke  ordinance  or  an  official  charged  with  smoke 
inspection.  From  the  second  group  about  60  replies  were  received, 
and  of  the  cities  represented  by  them  17  are  making  more  or  less  vig- 
orous efforts  to  suppress  the  nuisance.  Of  the  17  cities  mentioned,  the 
most  active  are  Des  Moines,  Iowa ;  Lowell,  Mass. ;  Syracuse,  N.  Y. ; 
Toledo,  Ohio;  Richmond,  Va.;  and  Atlanta,  Ga.  Des  Moines  has  a 
new  and  well-drafted  ordinance  resembling  in  many  respects  the  Chi- 
cago statute,  and  its  citizens  seem  to  have  a  decided  spirit  of  coopera- 
tion. In  Bichmond,  Va.,  an  ordinance  was  passed  prohibiting  the  use 
in  certain  sections  of  the  city  without  a  permit  from  the  city  council 
of  any  fuel  except  anthracite  coal.  This  ordinance  was  afterwards 
declared  unconstitutional.  The  city  of  Nashville,  Tenn.,  is  at  this 
time  considering  the  passage  of  an  ordinance  the  proposed  form  for 
which  is  n^odeled  rather  closely  after  the  commendable  Chicago  and 
Des  Moines  ordinances.  The  reply  from  one  of  the  cities  in  the  group 
says  that  smoke  has  been  found  '^  a  nuisance  that  can  not  be  abated  in 

the  city  of ,  for  the  reason  of  its  being  a  manufacturing 

city."  The  f  aUacy  of  such  a  statement  is  now  recognized  by  a  number 
of  the  more  important  manufacturing  cities,  and  in  them,  in  an 
increasing  measure,  the  smoke  nuisance  is  being  intelligently  and 
successfully  combated. 

CTTEBS  OF  OVER  200,000  INHABITANTS   (OROUP  s). 

Of  the  28  cities  having  over  200,000  population,  5  are  making  prac- 
tically no  effort  toward  smoke  abatement,  but  in  3  of  these  fuel  oil  is 
used  almost  exclusively,  and  the  smoke  problem  is  not  serious.  A 
statement  concerning  each  of  the  28  cities  in  group  3  follows: 

Baltimore^  Md. — The  Baltimore  ordinance  prohibits  the  emission 
of  dense  smoke  within  the  city  limits  for  more  than  six  minutes  in 
any  one  hour.  Furnaces  used  solely  in  connection  with  manufac- 
turing or  in  buildings  used  exclusively  for  such  purpose  are  exempt. 
With  the  possible  exception  of  the  railroad  smoke  this  city  has  a 
anoke  problem  comparatively  easy  of  solution,  but  progress  in  that 
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direction  has  been  very  slow  because  of  the  general  public's  lack  of 
interest  in  smoke  aibatement.  This  lack  of  support  has  probably 
resulted  largely  from  the  mistaken  belief  held  by  many  people  that 
syst^natic  or  organized  effort  toward  the  suppression  of  the  sm(^e 
nuisance  would  bring  about  injury  to  the  commercial  interests  of  the 
city. 

Boston^  Mass. — In  Massachusetts,  as  in  several  other  States,  there 
is  a  State  law  prohibiting  the  emission  of  dense  smoke  within  the 
corporate  limits  of  cities  having  more  than  a  given  population.  The 
city  of  Boston  and  some  of  the  adjacent  territory  are  governed  by  a 
special  enactment  of  the  State  legislature.  The  Massachusetts 
Board  of  Gas  and  Electric  Light  Conmiissioners  has  general  super- 
vision of  the  enforcement  of  the  enactment,  and  the  board  is  em- 
powered to  appoint  a  smoke  inspector  and  such  deputy  inspectors, 
clerks,  and  stenographers  as  are  provided  for.  The  expense  incurred 
in  connection  with  the  work  is  prorated  among  the  several  munici- 
palities according  to  their  State  tax. 

The  Boston  ordinance  differs  from  other  statutes  in  force  in  that  it 
classifies  stacks  according  to  their  size  and  the  character  of  furnaces 
they  serve  and  specifies  increasing  restrictions  each  year  until  1913. 
There  is  considerable  support  for  the  enforcement  of  the  statute  and 
good  results  are  being  reported. 

Buffalo^  N,  T. — Section  1  of  the  Buffalo  smoke  ordinance  provides 
as  follows: 

It  shall  not  be  lawful  within  the  limits  of  the  city  of  Buffalo  for  any  persons 
or  person,  firm  or  corporation,  or  any  servant,  agent,  or  employee  of  any  per- 
son, firm  or  corporation  to  permit  or  allow,  or  cause  to  be  permitted  or  allowed, 
the  discharge  or  escape  into  the  open  air  of  large  quantities  of  smoke,  soot,  dust, 
gas,  steam  or  offensive  odor,  or  to  permit  or  allow  any  smoke,  soot  <  <  « 
to  escape  in  such  manner  or  In  such  quantities  as  to  cause  or  have  a  natural 
tendency  to  cause  injury,  detriment,  or  annoyance  to  any  persons  or  person  or 
the  public,  or  to  endanger  the  comforts,  repose,  health,  or  safety  of  any  persons 
or  person  or  the  public,  or  in  such  manner  as  to  cause  or  have  a  natural  tend- 
ency to  cause  injury  or  damage  to  business  or  property. 

The  restrictions  of  this  section  are  so  sweeping  in  their  nature  that 
it  is  doubted  if  they  would  be  sustained  in  the  courts.  The  emission 
of  any  smoke  at  all  could  be  construed  a  violation  of  the  section, 
although  the  intent  of  the  framers  of  the  ordinance  probably  was  to 
prevent  only  the  emission  of  dense  smoke: 

For  the  enforcement  of  this  ordinance  it  is  provided  in  section  4 

tha^- 

It  shall  be  the  duty  of  the  board  of  public  works  to  Investigate  all  complaints 
made  to  it  of  a  violation  of  any  of  the  provisions  of  this  ordinance  and  report 
the  same  to  the  corporation  counsel ;  it  shall  be  the  duty  of  each  Inspector  con- 
nected with  the  bureau  of  streets  of  said  city,  and  of  all  police  officers  of  said 
city,  to  immediately  report  to  said  board  all  persons,  flrms^  or  corporatioiis 
guilty  of  a  violation  of  this  ordinance,  together  with  the  names  and  addresses 
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of  all  witneaaes  baying  knowledge  concerning  or  being  in  tbe  possession  of  facts 
showing  sucb  violation;  each  and  every  sucb  inspector  or  police  officer  shall 
have  tbe  right  and  authority  at  all  reasonable  hours  to  visit  and  inspect  prem- 
ises and  all  machinery,  boilers,  furnaces    *    *    *. 

It  might  seem  from  the  foregoing  that  abmidant  provision  had 
been  made  for  the  enforcement  of  the  ordinance.  Reports  indicate, 
however,  that  the  ordinance  is  not  observed  and  that  violators  are 
not  prosecuted.  This  condition  is  rather  t^  be  expected  than  other- 
wise because  of  the  divided  responsibility  for  the  enforcement  of  the 
ordinance.  In  order  to  carry  on  successfully  the  work  of  smoke 
abatement  in  a  city  of  large  size  certain  individuals  must  be  held  re- 
sponsible for  the  enforcement  of  the  smoke  ordinance  and  for  that 
alone. 

Chicago^  lU. — ^The  ordinance  passed  by  the  city  council  of  the  city 
of  Chicago,  in  its  essential  features,  provides  for  certain  officials  and 
specifies  their  duties  as  follows: 

(a)  A  department  of  smoke  inspection,  the  head  of  which  is 
known  as  the  smoke  inspector. 

(6)  A  smoke  inspector  appointed  by  the  mayor  by  and  with  the 
advice  of  the  city  council. 

(c)  That  the  person  so  appointed  shall  be  a  ''  mechanical  engineer, 
qualified  by  technical  training  and  experience  in  the  theory  and  prac- 
tice of  the  construction  and  operation  of  steam  boilers  and  furnaces, 
and  also  in  the  theory  and  practice  of  smoke  abatement  and  preven- 
tion." 

{d)  A  chief  assistant  smoke  inspector  to  be  appointed  by  the  smoke 
inspector  as  provided  by  law. 

{e)  The  qualifications  of  the  chief  assistant  smoke  inspector  to  be 
the  same  as  for  the  smoke  inspector. 

(/)  As  many  deputy  smoke  inspectors,  assistant  smoke  inspectors, 
clerks,  and  stenographers  as  shall  be  provided  for  by  the  city  council. 

{g)  Appointment  by  the  mayor  of  a  smoke- abatement  commission 
of  eight  members  to  act  as  advisors  to  the  mayor  in  the  organization 
of  the  smoke  department  and  to  the  smoke  inspector  in  the  conduct 
of  the  department. 

(h)  An  advisory  board  of  three  consulting  engineers  of  recognized 
standing,  who  have  had  the  necessary  experience  to  fit  them  to  act 
as  advisors  on  engineering  questions  to  the  commission,  the  smoke 
inspector,  and  the  members  of  the  department. 

The  Chicago  ordinance  also  provides : 

(t)  That  no  new  power  plants  are  to  be  built  or  old  plants  recon- 
stmcted  until  plans  and  specifications  for  such  work  have  received 
the  approval  of  the  smoke  inspector,  and  until  a  permit  for  such 
work  has  been  issued. 
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(j)  That  no  new  or  reconstructed  plants  shall  be  used  until  in- 
spected by  the  smoke  department  and  found  to  be  properly  con- 
structed, and  until  a  certificate  has  been  issued. 

(k)  That  permits  shall  be  procured  before  making  any  alterations 
in  chimneys  or  furnaces,  provided  such  alterations  affect  in  any  way 
the  prevention  of  smoke.  Minor  changes  or  emergency  repairs  not 
involving  a  change  in  the  method  of  preventing  smoke  may  be  made 
without  a  permit  For  violation  of  this  provision  a  fine  of  $25  for 
each  day  upon  which  the  alteration  is  prosecuted  is  the  penalty. 

(l)  That  the  emission  of  dense  smoke  from  any  stack,  except  for  a 
period  of  six  minutes  in  any  one  hour  during  which  the  fire  box  is 
being  cleaned  or  a  new  fire  is  being  built  therein,  is  a  nuisance  and 
may  be  summarily  abated.  Penalty  for  violation  of  this  provision 
is  a  fine  not  less  than  $10  nor  more  than  $100  for  each  offense. 

(m)  That  the  fees  for  inspecting  plans  and  for  examining  plants 
shall  be  as  follows,  the  fee  to  include  the  issuing  of  a  permit  or 
certificate : 

For  Inspecting  plans  and  specifications  of  new  plants  and  of  plants  about 

to  be  reconstructed --  $2.00 

For  inspecting  plans  for  repairs  and  alterations 1.00 

For  examining  plants  after  erection  or  reconstruction  and  before  its 
operation  and  maintenance 3.00 

(n)  That  the  possession  of  a  permit  or  certificate  issued  by  the 
smoke  inspector  shall  not  exempt  anyone  from  penalties  for  violations 
of  the  ordinance. 

{o)  That  for  violation  of  any  of  the  provisions  of  the  ordinance 
(except  as  otherwise  stated)  the  penalty  shall  be  a  fine  of  not  less 
than  $25  nor  more  than  $100  for  each  offense. 

{p)  That  the  smoke  inspector  shall  keep  a  complete  record  of  all 
plans  submitted,  of  all  permits  issued,  of  all  plants  examined,  and  of 
all  certificates  issued. 

(q)  That  if  any  person  acting  on  behalf  of  the  city  under  the  pro- 
visions of  this  chapter  shall  take  or  receive  any  money  or  any  valuable 
thing  for  the  purpose  of  deceiving  or  defrauding  any  person  or  per- 
sons, or  for  the  purpose  of  favoring  any  person  or  persons,  or  if  any 
inspector  shall  recommend  the  issue  of  any  certificate  of  inspection 
without  having  at  the  time  stated  thoroughly  examined  and  tested 
the  furnace,  device,  or  apparatus  so  certified,  he'shall  be  fined  $100 
fqr  each  offense. 

Although  there  is  to-day  in  Chicago  an  immense  amount  of  coal 
smoke  from  all  sorts  of  furnaces,  there  is  certainly  no  other  American 
city  that  has  made  such  marked  progress  toward  the  scientific  solu- 
tion of  the  smoke  problem.  This  result  is  due  very  largely  to  the  fact 
that  smoke  abatement  has  there,  more  generally  than  elsewhere,  been 
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recognized  and  attacked  as  an  engineering  problem,  and  greater 
efforts  have  been  made  to  obtain  cooperation  between  plant  owners 
and  operators  and  the  city  officials.  As  the  result  of  these  efforts, 
for  practically  every  type  of  boiler  for  stoker  and  for  hand-fired 
operation,  there  have  been  developed  settings  that  make  possible  the 
attainment  of  average  or  even  high  boiler  capacities,  while  keeping 
the  density  of  the  smoke  produced  well  within  that  allowed  by  the 
ordinance. 

The  furnace  designs  developed  for  hand-fired  boilers  stand  out  as 
possibly  the  most  distinctive  feature  of  the  work  in  Chicago,  because 
of  the  comparatively  little  effort  that  has  been  put  upon  the  scientific 
solution  of  this  part  of  the  smoke  problem  in  other  cities.  The  set- 
tings include  arches,  piers,  or  walls  for  the  purpose  of  maintaining  a 
sufficiently  high  temperature  and  of  obtaining  the  necessary  mixing 
of  the  air  and  gases.  Provision  is  usually  made  for  the  admission 
of  extra  air  immediately  after  firing,  and  in  many  installations  steam 
jets  are  also  required  instead  of  entire  reliance  being  placed  upon 
the  other  mixing  devices  mentioned.  However,  one  of  the  principal 
contributing  factors  to  the  lessening  of  the  smoke  from  these  hand- 
fired  plants  has  been  the  knowledge  of  the  firemen  that  their  stacks 
might  at  any  time  be  watched  by  an  assistant  inspector.  The  greater 
care  in  firing  that  has  resulted  from  this  knowledge  has,  of  course, 
decreased  the  smoke.  The  same  result  will  follow  in  any  city  when 
the  necessity  for  such  care  is  once  realized. 

Cincinnati^  Ohio. — ^At  present  (May,  1912)  Cincinnati  is  consid- 
ering the  adoption  of  a  revised  smoke  ordinance.  The  ordinance  in 
force  provides  for  a  method  of  grading  the  density  of  smoke  as  well 
as  for  ways  and  means  of  regulating  its  emission.  The  escape  of 
dense  smoke  from  any  sort  of  stack,  ^'except  for  a  period  of  or 
periods  aggregating  six  minutes  in  any  one  hour  during  which  the 
fire  box  is  being  cleaned  out  or  a  new  fire  is  being  built  therein,"  is 
declared  a  nuisance.  Any  emission  in  excess  of  the  above  is  pro- 
hibited, and  violators  are,  upon  conviction,  subject  to  penalties  of 
increasing  severity  with  the  repetition  of  the  offense. 

The  proposed  statute  increases  the  allowable  period  of  dense  smoke 
emission  from  6  to  10  minutes  in  any  one  hour,  and  provides  that 
^^  the  careless  or  negligent  emission  of  dense  smoke  as  above  described 
from  a  locomotive  engine  is  hereby  declared  to  be  a  nuisance."  The 
clause  just  quoted  is  believed  to  make  the  new  ordinance  weaker  than 
the  old  and  to  make  more  difficult  the  abatement  of  locomotive  smoke. 

The  proposed  ordinance  is  also  defective  in  that  the  assistant  chief 
smoke  inspector  and  the  deputy  smoke  inspectors  are  required  to  have 
certain  qualifications  essential  to  the  intelligent  prosecution  of  smoke- 
abatement  work,  whereas  the  head  of  the  department  is  not  expressly 
required  to  possess  them. 
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The  approval  of  plans  for  all  new  boilers  and  furnaoe-construction 
Work  and  of  all  repair  work  is  now  required  before  the  work  can 
proceed.  A  certificate  of  inspection  must  also  be  obtained  from  the 
smoke  inspector  after  completion  of  the  construction  work  and  before 
the  furnace  is  operated. 

Cleveland^  Ohio, — ^The  smoke  ordinance  in  Cleveland  allows  no 
period  of  emission  of  dense  smoke,  stating  simply  that  the  emission  of 
dense  black  or  gray  smoke  is  a  nuisance  and  is  prohibited.  Inspection 
of  plans  for  new  work  is  provided  for  in  the  ordinance,  and  the  prose- 
cution of  such  work  without  a  permit  from  the  smoke  inspector  is 
prohibited.  The  city  officials  have  accomplished  much  in  the  way 
of  improving  conditions,  and  their  efforts  have  been  actively  sop- 
ported  and  supplemented  by  the  Cleveland  Chamber  of  Commerce, 
but  the  rapid  growth  of  industrial  plants  in  and  near  the  city  has  had 
a  tendency  to  make  the  improvement  seem  less  than  it  really  has  been. 
There  is  still,  however,  an  immense  amount  of  coal  smoke  that  can 
and  will  be  eliminated  if  there  is  no  relaxation  of  efforts  toward  the 
accomplishment  of  this  end. 

Denver^  Colo. — ^According  to  Denver's  smoke  ordinance,  the  emis- 
sion "  of  dense  smoke  within  the  corporate  limits  of  the  city  and  county 
of  Denver  is  *  *  *  declared  to  be  a  public  nuisance."  Violators 
of  this  section  are  punishable  by  fine,  but  the  ordinance  also  provides 
that  "  in  any  suit  or  proceeding  under  this  article  it  shall  be  a  good 
defense  if  the  person  charged  with  the  violation  thereof  shall  show 
to  the  satisfaction  of  the  court  trying  the  case  that  there  is  no  known 
practical  device,  appliance,  means,  or  method  by  the  application  of 
which  ♦  ♦  ♦  the  emission  or  discharge  of  the  dense  smoke  cran- 
plained  of  in  that  proceeding  would  have  been  prevented." 

The  smoke  inspector  may  "require  all  steam  furnaces  or  other 
furnaces  *  *  *  to  be  so  constructed,  or  if  already  constructed 
to  be  so  altered,  as  to  lessen  or  diminish  and  prevent  the  ♦  ♦  • 
emission  of  such  dense  smoke  therefrom,  provided  that  in  any  suit 
♦  ♦  *  it  shall  be  a  good  defense  if  the  person  •  ♦  ♦  shall 
show  to  the  satisfaction  of  the  court  ♦  ♦  ♦  that  such  construc- 
tion or  alteration  would  not  appreciably  lessen  or  diminish  or  pre- 
vent the  production  and  emission  of  dense  smoke." 

It  is  also  required  that  any  person  having  diarge  of  the  stoking 
of  any  boiler  or  other  furnace  shall  so  stoke  it  that  dense  smoke 
shall  not  be  emitted  therefrom.  This  section  provides  also  that  it 
shall  be  a  good  defense  if  the  person  charged  with  the  violation  shall 
show  to  the  satisfaction  of  the  court  that  the  smoke  was  emitted 
without  fault  on  his  part. 

Detroit^  Mich. — ^The  smoke  ordinance  in  force  in  Detroit  at  the 
present  time  was  approved  July  29,  1907.  Within  the  past  year 
or  two  there  has  been  some  agitation  to  have  the  statute  modified  in 
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certain  respects,  but  no  definite  action  has  yet  been  taken.  The 
present  ordinance  prohibits  the  emission  at  any  time  of  dense  black 
or  gray  smoke  "from  any  smokestack  or  chimney  used  in  connec- 
tion with  any  steam  boiler,  locomotive,  or  furnace  of  any  descrip- 
tion, in  any  apartment  house,  building,  boat,  or  any  other  structure, 
or  in  any  building  used  as  a  factory,  or  for  any  purpose  of  trade, 
or  for  any  other  purpose  whatever  within  the  corporate  limits  of  the 
city  of  Detroit  *  *  *  "  Another  clause  requires  that  all  fur- 
naces shall  be  so  constructed,  altered,  or  equipped  as  to  prevent  the 
emission  of  such  dense  black  or  gray  smoke,  and  all  plans  for  such 
construction  or  alteration  are  subject  to  the  approval  of  the  smoke 
inspector. 

The  board  of  health,  to  whom  the  smoke  inspector  reports,  has 
published  and  distributed  to  the  engineers  and  firemen  of  the  city 
a  small  pamphlet  on  smoke  abatement,  in  which  are  given  instruc- 
tions for  firing  several  different  types  of  furnaces. 

The  general  policy  followed  in  Detroit  in  the  smoke-abatement 
efforts  is  one  of  education,  and  operators  are  urged  to  install 
mechanical  stoking  equipment  wherever  practicable. 

Indianapolis^  Ind» — ^The  emission  of  dense  smoke  from  any  stack 
or  chimney,  except  that  of  a  building  used  as  a  private  residence,  is 
declared  to  be  a  nuisance,  and  is  prohibited.  The  smoke  inspector, 
who  is  a  deputy  of  the  inspector  of  buildings,  is  given  authority  to 
require  all  furnaces  to  be  so  constructed,  or  if  already  constructed  to 
be  so  altered,  as  to  prevent  the  emission  of  dense  smoke  therefrom. 
Permits  must  be  obtained  from  the  smoke  inspector  before  new  con- 
stmction,  reconstruction,  or  alteration  of  boiler  or  other  furnaces 
can  be  started. 

The  Indianapolis  ordinance  further  specifies  that  when  the  smoke 
emission  "is  owing  to  the  construction  of  the  furnace  ♦  ♦  ♦ 
or  other  engineering  details  relating  to  boiler  or  furnace  construc- 
tion or  connection  he  (the  smoke  inspector)  shall  make  statement 
of  the  cause  of  such  nuisance  and  report  to  the  owners  or  operators 
as  to  necessary  changes,  alterations,  or  additions,  and  fixing  a  limit 
of  time  for  such  changes  ♦  *  ♦  to  be  made  *  *  *,"  this 
time  not  to  exceed  three  months.  "In  the  event,  however,  that  it 
becomes  necessary  to  install  stokers,  six  months  shall  be  given." 
In  cases  where  the  trouble  is  primarily  overloading,  or  where  altera- 
tions will  not  solve  the  problem  and  it  is  necessary  to  install  new 
equipment,  four  months  is  allowed  in  which  to  complete  the  work  if 
tubular  boilers  are  to  be  installed,  and  if  water-tube  boilers  are  to  be 
put  in  the  time  allowance  may  be  increased  to  nine  months. 

Jersey  City^  N.  /.-^At  present  (1912)  Jersey  City  has  two  smoke 
ordinances,  one  prohibiting  the  emission  of  dense  smoke  from  loco- 
motives and  the  other  relating  to  the  smoke  from  stationary  boilers 
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and  furnaces.  Two  smoke  inspectors,  appointed  by  the  board  of 
finance  and  assigned  to  the  law  department^  are  charged  with  the 
duty  of  smoke  inspection.  There  is  no  State  law  relative  to  smoke 
emission,  but  efforts  are  being  made  to  have  such  a  law  passed. 

The  ordinance  relating  to  the  emission  of  smoke  from  stationary 
boilers  and  furnaces  states  that ''  it  shall  be  unlawful  to  permit  the 
emission  of  dense  smoke  from  any  chimney  or  smokestack  connected 
with  any  stationary  engine,  steam  boiler,  furnace,  range,  or  fireplace 
within  the  limits  of  Jersey  City  which  smoke  contains  soot  or  other 
substance  in  suiBcient  quantity  to  permit  the  deposit  of  such  soot  or 
other  substance  on  any  surface  within  said  limits.^' 

The  other  smoke  ordinance  prohibits  "  the  emission  of  dense  smoke 
from  any  stack  connected  with  any  engine  or  locomotive  within  the 
limits  of  Jersey  City  which  smoke  contains  soot  or  other  substance 
in  sufficient  quantity  to  cause  injury  to  health  or  damage  to  property 
within  the  corporate  limits  of  said  city."  Another  section  of  this 
ordinance  states  that  ^'  any  owner,  lessee,  occupant,  manager,  engineer, 
or  fireman  of  any  engine  or  locomotive  ♦  ♦  ♦  who  permits  or 
allows  *  *  *  to  be  emitted  from  such  smokestack  dense  smoke 
containing  soot  or  other  substance  in  such  quantity  as  to  cause  injury 
to  health  or  damage  to  property,''  shall,  upon  conviction,  pay  a 
penalty  of  $50  for  each  violation. 

Beports  from  Jersey  City  state  that  the  city  is  "  not  having  very 
much  trouble  with  the  operators  of  stationary  plants,  the  worst 
offenders  ♦  ♦  ♦  being  railroads."  The  validity  of  tlie  ordinance 
relating  to  stationary  plants  has  not  been  questioned,  but  the  validity 
of  the  other  statute  is  now  being  tested  in  the  courts.  In  a  number 
of  cases  the  railroads  were  convicted  in  the  lower  courts,  but  appeals 
were  taken  and  these  cases  are  now  before  the  State  supreme  court. 
One  of  the  points  to  be  decided  by  the  court  is  whether  or  not,  under 
the  present  laws,  the  governing  bodies  of  cities  in  New  Jersey  have 
power  ^Ho  the  extent  of  the  abatement  of  the  so-called  smoke 
nuisance." 

Both  of  the  present  smoke  ordinances  are  open  to  the  objection 
that  they  require  absolutely  smokeless  operation,  if  the  courts  con- 
sider as  '^dense  "  all  smoke  that  ^  contains  soot  or  other  substance  in 
sufficient  quantity  to  permit  the  deposit  of  such  soot  or  other  sub- 
stance on  any  surface  within  "  the  city  limits,  or  ^^  in  sufficient  quan- 
tity to  cause  *  *  *  damage  to  property  within  the  corporate 
limits." 

KansM  City,  Mo. — ^The  present  smoke  ordinance  in  Kansas  Cii^r, 
Mo.,  declares  the  emission  of  dense  smoke  within  its  corporate  limits 
to  be  a  nuisance  and  prohibits  such  emission.  The  ordinance  is  con- 
sidered to  have  been  violated  whenever  such  smoke  is  emitted  from 
an}'  stack  or  chimney,  except  that  of  a  building  used  exclusively  for 
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residence  purposes,  '^provided  it  shall  first  be  shown  to  the  satis- 
facticm  of  the  court  trying  the  case  that  there  is  or  are  no  known 
practicable  device  or  devices,  appliance  or  appliances,  means  or 
method  by  the  application  of  which  to  the  building,  establishment, 
or  premises  the  emission  or  discharge  of  dense  smoke  from  which 
complaint  is  made,  whfereby  at  reasonable  expense  prevention  can  be 
had."  The  weak  point  in  the  foregoing  provision  is  that  the  inclu- 
sion of  the  word  "reasonable"  in  the  last  clause  is  apt  to  lead  to 
much  controversy. 

Another  section  provides  that  "No  person,  firm,  or  corporation 
engaged  in  the  business  of  manufacturing  or  selling  smoke-consum- 
ing devices  shall  attach  any  said  device  to  any  boiler  without  first 
obtaining  from  the  health  officer  a  permit  therefor,  for  which  the 
sum  of  two  dollars  ($2)  shall  be  paid  to  the  treasurer  of  Kansas  City, 
and  it  shall  be  the  duty  of  said  health  officer  upon  the  payment  of 
said  permit  fee  to  forthwith  issue  said  permit  *  *  *."  It  is 
believed  that  the  wording  of  this  section  makes  it  obligatory  on  the 
part  of  the  health  officer  to  issue  a  permit  for  the  installation  of  any 
device  upon  the  payment  of  the  permit  fee,  whether  the  device  is 
known  to  be  a  proven  success  or  a  total  failure  as  a  means  for  pre- 
venting smoke. 

Authority  is  also  given  to  this  same  officer  to  inspect  all  "steam 
furnaces  carrying  thirty  (30)  pounds  of  steam  or  more,  except  in 
buildings  used  for  private  residence  purposes  exclusively  *  *  * ; " 
and,  if  smoke  is  being  emitted,  to  require  these  furnaces  to  be  so 
altered  as  to  prevent  the  emission  of  all  unnecessary  smoke  there- 
from. It  is  provided,  however,  that  "  in  any  suit  or  proceeding  for 
the  violation  of  this  section  it  shall  be  a  good  defense  if  the  person 
charged  with  the  violation  thereof  shows  to  the  satisfaction  of  the 
court  ♦  ♦  ♦  that  such  alterations  would  not  appreciably  lessen 
or  diminish  or  prevent  the  production  and  emission  of  dense  smoke.'* 
At  present  there  is  no  inspector,  so  that  little  active  work  can  be  done. 

Los  Angeles^  CoH. — ^The  almost  exclusive  use  of  oil  fuel  makes  the 
solution  of  the  smoke  problem  in  Los  Angeles  much  easier  than  in  a 
city  in  which  bituminous  coal  is  generally  used.  The  Los  Angeles 
ordinance  establishes  a  standard  of  density  for  smoke  which  is  19 
per  cent  black,  or  a  density  about  that  of  No.  1  of  the  Eingelmann 
chart.*  The  emission  of  smoke  of  greater  density  than  this  standard 
for  more  than  five  minutes  in  any  one  hour  is  prohibited.  It  should 
be  noted  at  this  point  that,  although  the  firing  of  oil  fuel  so  as  to 
prevent  dense  smoke  is  less  difficult  than  similar  firing  of  coal,  the 
Los  Angeles  specifications  as  to  standard  of  density  and  time  of  emis- 
sion permissible  are  much  more  difficult  to  comply  with  than  similar 
specifications  in  other  cities  having  smoke  ordinances.    It  appears 

•  See  p.  27. 
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that  buildings  used  for  private-residence  purposes  exclusively  are 
not  exempted  in  Los  Angeles  as  they  are  in  some  other  places. 

No  provision  is  made  for  the  inspection  of  drawings  of  new  instal- 
lations or  for  alterations  of  furnaces.  It  is  specified  that  no  person 
shall  erect  or  maintain  any  chimney  or  smokestack  within  50  feet 
of  any  window  of  any  adjacent  building  unless  the  top  of  such  chim- 
ney "  shall  be  higher  than  every  portion  of  such  window    *     *     *." 

Loui»ville^  Ky. — In  the  city  of  Louisville  the  emission  of  "  soot, 
black  or  dense  gray  smoke"  from  any  chimney  or  smokestack  is 
prohibited.  The  ordinance  does  not,  however,  apply  to  buildings 
used  exclusively  for  private  residence  purposes,  nor  to  locomotives 
attached  to  regularly  scheduled  passenger  trains  entering,  leaving,  or 
standing  at  depots  in  Louisville,  or  attached  to  through  freight 
trains  entering  or  departing  from  the  city. 

The  inspector  of  buildings,  to  whom  the  smoke  inspector  reports^ 
is  given  authority  to  require  that  all  boilers  and  furnaces  shall  be  so 
designed  or  shall  have  such  "  an  efficient  smoke  preventative "  at- 
tached to  them  that  the  provisions  of  the  above  paragraph  may  be 
complied  with.  If,  in  the  judgment  of  the  inspector  of  buildings,  it 
shall  be  impracticable  so  to  design  or  to  equip  locomotives  or  small 
stationary  or  portable  boilers,  he  may  require  the  use  of  such  fuel 
and  such  methods  of  operation  as  will  make  possible  compliance  with 
the  above  specifications. 

Plans  for  new  construction  or  for  alteration  of  furnaces  are  subject 
to  the  approval  of  the  inspector  of  buildings.  It  is  further  specified 
as  a  duty  of  this  official  that  "  when  from  personal  knowledge  or 
from  any  other  source  the  inspector  or  any  of  his  assistants  obtains 
information  that  any  provision  of  this  ordinance  has  been  or  is  being 
violated,  the  inspector  of  buildings  himself  or  by  one  of  his  assistants 
shall  lodge  complaint  with  the  city  court  against  any  and  all  who  are 
guilty  of  said  violation."  The  purpose  of  the  above  specification 
would,  it  is  believed,  be  better  served  if  the  inspector  were  required 
to  investigate  any  repoit  of  violation  that  might  be  communicated  to 
him  and  to  lodge  complaint  with  the  city  court  whenever  such  viola- 
tions could  be  proved. 

The  ordinance  further  provides  as  follows:  "  The  provision  of  this 
ordinance  shall  not  apply  to  any  building,  establishment,  or  premises 
where  there  is  no  known  practicable  device,  appliance,  means,  or 
method  by  the  application  of  which  to  said  building,  establishment, 
or  premises  the  emission  *  *  *  of  dense  smoke  ♦  ♦  ♦  could 
have  been  or  can  be  prevented."  This  immunity  lasts  only  so  long 
"  as  there  is  no  known  practicable  device,  appliance,  means,  or 
method  *  *  *."  In  case  of  a  disagreement  as  to  the  practicability 
of  any  device  "  an  appeal  shall  lie  from  the  decision  of  the  inspector 
of  buildings  to  the  board  of  public  safety." 
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Milwaukee,  Wis. — ^A  new  smoke  ordinance  passed  by  the  common 
council  of  Milwaukee  in  October,  1911,  includes  among  its  provisions 
that  the  smoke  inspector  "  shall  be  appointed  by  the  mayor,  subject 
to  confirmation  by  the  common  council,  and  shall  hold  office  for  n 
term  of  four  years  *  *  *."  It  also  specifies  that  "  no  person  shall 
be  eligible  to  said  office  unless  he  is  by  trade  or  profession  a  steam  or 
mechanical  engineer  of  at  least  five  years  in  working  at  said  trade  or 
profession." 

The  section  relating  to  smoke  emission  states :  ''  To  emit  or  cause 
or  permit  to  be  emitted  into  the  open  air  within  the  corporate  limits 
of  the  city  of  Milwaukee  or  within  1  mile  therefrom  any  dense  smoke 
shall  be  and  is  hereby  prohibited,  provided  that  nothing  herein  con- 
tained shall  prohibit  the  emission  of  dense  smoke  not  to  exceed  five 
minutes  in  any  one  hour  of  the  day  or  night." 

A  permit  must  be  procured  from  the  smoke  inspector  before  work 
can  be  started  on  the  construction  or  alteration  of  '^  any  stationary 
steam  plant,  boiler,  or  furnace.  ♦  *  ♦  AH  accidents  to  stationary 
steam  boilers,  furnaces,  or  smoke-preventing  devices  shall  be  reported 
to  the  smoke  inspector  in  writing,  giving  the  nature  of  the  accident 
and  the  time  required  to  repair  the  same." 

The  prohibition  of  dense-smoke  emission  outside  of  but  within  1 
mile  of  the  city  limits  is  made  possible  because  of  a  State  enactment 
concerning  the  production  of  smoke.  The  latest  report  of  the  smoke 
inspector  states  that  railroad  officials  are  cooperating  with  the  city 
department  and  are  designating  additional  inspectors  of  their  own  to 
further  reduce  the  railroad  smoke. 

Minneapolis^  Minn. — ^The  emission  of  dense  smoke  from  any  sort  of 
smokestack  or  chimney  is  prohibited  in  Minneapolis.  The  city  ordi- 
nance states  that  "  the  use  of  soft  coal  in  traction  engines,  switching 
engines,  and  locomotive  engines  in  the  city  of  Minneapolis  is  hereby 
declared  to  be  a  nuisance;  and  such  use  of  soft  coal,  other  than 
smokeless  coal,  in  the  city  of  Minneapolis  is  hereby  prohibited." 

The  railroad-smoke  problem  is  said  to  have  been  "  pretty  well 
solved  as  to  locomotives,"  but  the  roundhouse  smoke  is  said  to  be 
troublesome  still. 

The  ordinance  has  been  tested  in  the  courts  and  was  sustained  by 
the  State  supreme  court  in  1911. 

Newark,  N.  J. — ^The  one  feature  of  the  Newark  smoke  ordinance 
that  is  worthy  of  special  notice  is  contained  in  section  1,  which  states 
"that  it  shall  be  unlawful  to  permit  the  emission  of  dense  smoke 
from  any  smokestack  or  chimney  connected  with  any  stationary  en- 
gine, steam  boiler,  locomotive,  ♦  *  ♦  which  smoke  contains  soot 
or  other  substance  in  sufficient  quantities  to  permit  the  deposit  of  such 
soot  or  other  substance  on  any  surface  within  the  limits  of  said  city." 
The  incorporation  of  the  last  clause  in  the  above  sentence  weakens  the 
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ordinance  and  makes  it  difficult  of  enforcement.  Some  specification 
as  to  what  constitutes  dense  smoke  is  desirable,  but  a  metlxod  of  com- 
parison with  some  such  standard  as  the  Bingelmann  chart  ^  is  believed 
to  best  answer  the  purpose. 

The  smoke  inspector  may  grant  immunity  to  any  plant  owner  or 
operator  for  a  period  of  30  days  during  which  alterations  or  changes 
are  being  made  for  the  purpose  of  eliminating  smoke,  provided  the 
plans  for  such  changes  are  approved  by  the  inspector.  The  above 
period  may  be  extended  by  him  if  at  the  expiration  of  the  30  days 
the  work  is  not  completed  and  if  he  is  satisfied  that  the  owner  or 
operator  is  acting  in  good  faith;  such  extension  is  not  to  exceed  in 
all  four  inonths  from  the  first  approval  of  said  plans.  Authority  is 
given  to  the  finance  committee  of  the  common  council  under  the  same 
circumstances  to  still  further  extend  the  period  of  immunity  so  much 
"  as  to  them  may  seem  reasonable  •  *  *."  The  approval  of  plans 
for  such  changes  "  shall  not  relieve  such  owner  or  owners  ♦  ♦  * 
from  liability  for  violations  *  *  *  of  this  ordinance  if  such 
alterations,  changes,  or  device,  when  completed  or  installed,  fail  to 
prevent  the  emission  of  smoke  of  the  kind  prohibited  by  this 
ordinance."  . 

New  Orleans^  Leu — In  New  Orleans  there  is  no  smoke  ordinance, 
and  no  smoke-abatement  work  is  being  done  by  the  city  officials. 

New  Torkj  N.  Y. — The  New  York  smoke  ordinance  prohibits  the 
emission  of  dense  smoke  within  the  city  or  on  the  waters  adjacent  to 
and  under  the  jurisdiction  of  the  city  from  any  chimney  or  stack  or 
any  other  source  and  prescribes  penalties  for  violations  thereof. 
In  the  designing  of  new  work,  the  city  does  not  attempt  to  exercise 
supervision  with  the  idea  of  preventing  the  installation  of  furnaces 
which  are,  from  the  standpoint  of  smoke  prevention,  poorly  arranged. 
The  result  of  this  laxity,  together  with  the  availability  of  the  smaller 
and  cheaper  sizes  of  anthracite,  has  been  slow  progress  in  the  devel- 
opment of  furnaces  suitable  to  the  use  of  the  bituminous  coals 
available  in  that  market.  Many  plants  are  continuing  the  use  of 
anthracite  coal,  or  a  mixture  of  bituminous  and  anthracite,  at  a 
greater  fuel  cost  per  unit  of  evaporation,  because  of  the  belief  that 
smoke  can  not  be  successfully  and  economically  prevented  if  soft 
coal  is  used. 

PhiladelpMa^  Pa. — ^For  determining  the  density  of  smoke  the  smoke 
ordinance  of  Philadelphia  establishes  a  standard,  and  the  emission 
from  any  stack  or  chimney  of  smoke  of  greater  density  than  this 
standard  is  prohibited.  The  following  exceptions  to  this  limitation' 
are  quoted  from  the  ordinance : 

Provided,  however.  That  It  shall  not  be  unlawful  to  permit  or  suffer  the 
emission  or  escape  of  such  smoke  of  a  greater  degree  of  darkness  than  No.  1 

•  See  p.  27. 
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scale  for  a  period  of  not  more  tban  Ave  oonaeei^Te  minutes  from  any  locosio- 
tire  or  rirer  steam  craft  standing  witb  banked  fires  or  engaged  in  shifting  or  for 
a  period  of  not  more  tlian  10  consecutive  minutes  from  any  locomotlye  or  steam 
river  craft  while  its  fires  may  be  in  process  of  cleaning  or  preparing  for  starting: 
And  provided  further^  That  none  of  the  provisions  of  this  ordinance  shall  apply 
to  a  locomotive  or ,  locomotives  or  river  steam  craft  in  continuous  transit 
throogh  or  across  the  city  or  while  entering  or  departing  therefrom. 

The  provisionB  of  this  ordinance  shall  not  api^y  at  any  time  betwe^i  the 
hours  of  4  o'clock  a.  m.  and  7  o'clock  a.  m. 

The  effect  of  these  exceptions  is  practically  to  exempt  locomotives 
and  steam  river  craft  from  observance  of  the  ordinance. 

PUtshurghy  Pa. — ^A  new  ordinance  passed  in  October,  1911,  by  the 
city  oouncil  provides  &>r  the  regulation  of  smoke  emission  from  all 
furnaces  except  mill  heating  and  puddling  furnaces  and  those  in 
private  residences.  No  steam-boiler  or  other  furnace  can  be  con- 
structed within  the  city  until  an  application  for  a  certificate,  accom* 
panied  by  plans  and  specifications  showing  the  means  of  smoke  pre- 
vention, has  been  approved  by  the  smoke  inspector.  It  is  specified 
that  no  discrimination  shall  be  exercised  for  or  against  any  method 
for  eliminating  the  smoke;  also  that  the  issuance  of  or  the  holding 
of  a  permit  does  not  exempt  anyone  from  prosecution  for  violation  of 
the  ordinance. 

All  furnaces  except  those  above  mentioned  must  be  so  constructed 
and  operated  as  not  to  exceed  eight  minutes'  emission  of  dense  gray 
or  black  smoke  in  any  one  hour,  provided,  however,  that  "  during  the 
first  hour  in  which  a  new  fire  is  being  kindled  in  or  under  a  cold 
boiler  or  other  furnace,  excepting  in  private  residences,  mill  heating 
furnaces  and  puddling  furnaces,  sixty  (60)  minutes  once  a  day  for 
the  first  year,  forty-five  (45)  minutes  once  a  day  for  the  second  year, 
and  thirty  (30)  minutes  once  a  day  for  the  third  year  and  each  and 
every  yearihereafter  of  dense  black  or  dense  gray  smoke  issuing  from 
the  stack  or  chimney  thereof  will  not  be  a  violation  of  this  ordi- 
nance; but,  during  each  succeeding  hour  that  such  boiler  or  other 
furnace  is  in  service,  more  than  eight  (8)  minutes  of  dense  black 
or  dense  gray  smoke  issuing  from  the  chimney  or  stack  thereof  in  any 
one  hour  shall  be  and  the  same  is  a  violation  of  this  ordinance.'^  Not 
only  is  this  allowable  time  of  smoking  during  the  period  of  building 
fires  too  liberal,  but  such  a  provision  makes  much  more  difficult  the 
work  of  the  smoke  inspector.  In  a  plant  where  several  boilers  are 
connected  to  one  stack  it  is  possible  for  such  a  stack  to  smoke  for 
as  many  hours  as  there  are  boilers  without  the  ordinance  being  vio- 
lated, provided  that  a  new  fire  is  started  each  hour.  It  is  also  neces- 
sary for  the  smoke  inspector  to  go  into  the  plant  each  time  the  eight 
minutes'  emission  is  exceeded  to  see  if  a  new  fire  is  being  started. 

The  ordinance  requires  that  when  the  provisions  are  being  vio- 
lated the  smoke  inspector  shall  investigate,  shall  make  complaint  to 
the  persons  so  offending^  and,  if  the  cause  thereof  is  unskillful  stok- 


24  SMOKE  ABATEMENT  AND  CITY  SMOKE  OBDINANGES. 

ing,  shall  give  proper  instructions  to  correct  the  trouble,  at  the  same 
time  making  '^  complaint  to  the  director  of  the  department  of  public 
health  against  any  and  all  such  persons  violating  this  ordinance." 
If  the  trouble  is  due  to  improper  construction  of  furnace  or  stack 
connections,  or  other  engineering  details,  '^  he  shaU  make  statement 
of  the  cause  of  such  offense  and  report  to  the  owners  or  operators  as 
to  the  necessary  changes,  alterations,  or  additions  to  be  made." 
These  must  be  completed  within  six  months.  If  the  installation  of 
additional  boiler  units  or  the  entire  reconstruction  of  the  existing 
units  is  necessary,  '^  not  more  than  nine  (9)  months  shall  be  allowed 
in  which  to  complete  such  changes."  Notices  must  be  in  writing, 
and  at  the  expiration  of  the  time  allowance  the  chief  smoke  inspector 
must  investigate  and  make  report  to  the  director  of  the  department 
of  public  health  as  to  the  condition  of  the  plant,  who,  if  the  plant  is 
maintained  as  an  offender  against  the  provisions  of  the  ordinance, 
may  cause  suit  to  be  entered,  as  provided  by  law,  against  any  and 
all  persons  in  charge  who  are  violating  the  ordinance. 

The  ordinance  further  provides  as  follows : 

All  accidents  to  furnaces  or*  smoke-preventing  devices  in  use  •  •  *  shall 
be  reported  within  seventy-two  (72)  hours  to  the  chief  smolce  inspector,  giving 
the  nature  of  the  accident  and  the  time  required  tp  repair  the  same.  Failure 
to  make  such  report  shall  constitute  a  violation  of  this  ordinance. 

It  is  specified  that  for  determining  the  density  of  smoke  Ringel- 
mann's  No.  3  shall  be  considered  dense  gray  and  Ringelmann's  No. 
4  dense  black.<> 

Portland^  Oreg. — ^The  city  has  a  section  in  the  general  code  prohib- 
iting the  emission  of  dense  smoke,  but  has  no  smoke  inspector. .  No 
organized  or  systematic  smoke-abatement  efforts  are  being  carried  on. 
The  need  for  such  work,  however,  is  not  great  on  account  of  the  almost 
exclusive  use  of  oil  fuel  in  large  plants  and  of  wood  in  sm^ler  plants. 

Providence^  R.  I. — ^By  an  act  of  the  General  Assembly  of  Rhode 
Island  the  ^^  emission  of  dense  or  thick  black  or  gray  smoke  "  from  any 
smokestack  or  chimney  "  for  a  longer  period  than  five  minutes  at 
any  one  time  within  any  city  of  the  State  having  a  population  of  ^ 
150,000  or  more,  shall  be  deemed  and  is  hereby  declared  to  be,  a 
public  nuisance:  Provided^  That  nothing  in  the  act  shall  be  con- 
strued as  applied  to  chimneys  of  buildings  used  exclusively  for 
private  residences,  or  to  locomotives  during  the  time  of  starting  and 
feeding  fires  therein  while  in  roundhouses  or  roundhouse  yards." 

The  defect  of  this  enactment  was  pointed  out  by  the  mayor  of 
Providence,  in  a  public  address  given  over  a  year  ago,  when  he  said: 
"  Since  these  measures  were  adopted  an  improvement  has  been  noted, 
but  complaints  are  still  being  made,  and  in  most  instances  they  appear 
to  be  reasonable.  Our  present  law  on  the  subject  permits  the  emis- 
sion of  black  smoke  for  five  minutes  at  one  time  without  limiting  the 
frequency  of  these  periods." 

•  See  p.  27. 
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Roch^steTj  N.  Y. — ^The  Eochester  smoke  ordinance  establishes  a 
color  SQ^le  about  30  per  cent  black,  to  be  used  in  determining  the 
darkness  of  smoke  emitted,  and  prohibits  the  emission  of  smoke  of 
greater  density,  except  as  quoted  below : 

It  Is  forbidden  and  hereby  declared  to*  be  unlawful  to  suffer  or  permit  the 
escape  of  smoke  from  any  fire  not  in  motion  or  fire  banked  or  in  a  state  of  rest, 
or  from  any  burning  or  active  fire  through  a  stationary  stack,  flue,  or  chimney  of 
a  color  darker  than  said  scale :  Pny^Me^^  hoioever.  That  the  provisions  of  this 
ordinance  shaU  not  apply  to  the  escape  of  smoke  from  any  stationary  stack,  flue, 
or  chimn^  for  a  period  of  not  to  exceed  five  minutes  whenever  the  successful 
operation  and  management  of  any  fire  necessarily  requires  such  escape  of 
smoke,  but  such  escape  of  smoke  shall  not  be  permitted  or  allowed  for  such 
period  more  oftea  than  once  in  four,  consecutive  hours. 

Smoke  darker  than  the  scale  mentioned  must  not  be  emitted  "  from 
any  locomotive  or  canal  steam  craft  standing  with  banked  fires  or 
engaged  in  shifting  or  moving  within  the  city  limits,  ♦  *  *  or  for 
a  period  of  more  than  10  minutes  from  any  locomotive  or  canal  steam 
craft  whose  fires  may  be  in  preparation  for  starting,  but  such  escape 
of  smoke  shall  not  be  permitted  or  allowed  for  such  period  of  time 
more  often  than  once  in  24  consecutive  hours  *  *  *."  None  of 
tliese  provisions  relating  to  locomotives  or  boats  applies  to  a  locomo- 
tive or  canal  steam  craft  in  transit  through  or  across  the  city  from 
some  point  outside  the  city,  or  entering  or  departing  therefrom,  if 
such  locomotive  or  canal  steam  craft  does  not  stop  within  the  city  for 
five  consecutive  minutes  or  for  periods  amounting  to  more  than  five 
minutes.  The  provisions  of  the  smoke  ordinance  do  not  apply  be- 
tween the  hours  of  5  a.  m.  and  7.30  a.  m. 

San  FranciscOj  Col. — ^The  almost  exclusive  use  of  oil  fuel  in  San 
Francisco  makes  possible^  under  nearly  all  conditions,  the  generation 
of  heftt  or  power  without  the  emission  of  dense  smoke.  At  the  pres- 
ent time  San  Francisco  has  no'  smoke  ordinance  and  there  is  no  or- 
ganized effort  toward  smoke  abatement. 

Seattle^  Wash. — ^The  conditions  in  Seattle  are  practically  similar  to 
those  at  San  Francisco,  as  the  use  of  oil  fuel  is  becoming  more  and 
more  generaL 

St  LauiSj  Mo. — A  bill  has  recently  been  introduced  in  the  munici- 
pal assembly  with  the  idea  of  making  certain  changes  in  the  present 
smoke  ordinance,  which  was  approved  March  12,  1902.  This  ordi- 
nance prohibits  the  emission  of  any  dense  smoke  within  the  city,  but 
provides  that  **  in  any  suit  or  proceeding  under  this  ordinance  it  shall 
be  a  good  defense  if  the  person  charged  with  the  violation  thereof 
shall  show  to  the  satisfaction  of  the  jury  or  court  trying  the  facts 
that  there  is  no  known  practicable  device,  appliance,  means,  or  method 
by  application  of  which  to  his  building,  establishment,  or  premises 
the  emission  or  discharge  of  the  smoke  complained  of  in  that  pro- 
ceeding could  have  been  prevented." 

62142*— Bull.  49—12 4 
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A  smoke-abatement  department  was  created  by  the  ordinance  and 
for  some  years  the  work  was  carried  on  by  that  department  About 
two  years  ago  the  work  was  transferred  and  put  under  the  direction 
of  the  inspector  of  boilers  and  elevators,  the  smoke-abatement  de- 
partment being  abolished.  Two  civic  organizations,  the  civic  league 
and  the  women's  organization  for  smoke  abatement,  are  supplementing 
the  work  of  the  city*inspectors,  the  women  taking  an  active  part  in 
the  efforts  to  secure  a  strict  enforcement  of  the  ordinance. 

St  Pavl^  Mirm. — The  St.  Paul  smoke  ordinance  simply  prohibits 
the  emission  of  dense  smoke  from  any  smokestack  or  chimney  and 
specifies  the  penalty  for  violating  the  provisions  of  the  ordinance. 

Washingtorirj  D.  C. — ^The  escape  of  dense  black  or  gray  smoke  or 
cinders  from  any  stack  or  chimney  in  Washington,  except  those  of 
buildings  used  exclusively  for  private  residence  purposes,  is  pro- 
hibited. Because  of  the  small  number  of  manufacturing  plants  in  the 
city,  the  extensive  use  of  anthracite  or  low-volatile  bituminous  coals, 
and  the  vigilance  of  the  inspectors,  there  is  little  smoke  in  Wash- 
ington. 

NECESSITY  07  SMOKE  ORDINANCES  IN  CITIES. 

In  the  foregoing  pages  has  been  given  a  brief  statement  concerning 
the  work  of  smoke  abatement  in  some  of  the  more  important  cities  of 
the  country.  As  the  most  active  and  effective  efforts  are  being  made 
in  the  cities  mentioned,  each  of  which  has  some  form  of  ordinance  to 
regulate  the  production  and  emission  of  dense  smoke,  an  ordinance  of 
proper  form  would  seem  necessary  if  further  progress  in  smoke  abate- 
ment is  to  be  made.  The  time  may  come  when  public  sentiment  against 
permitting  the  escape  of  dense  smoke  will  be  so  strong  that  every  plant 
owner  or  operator  will  feel  obliged  to  prevent  such  escape  of  smoke, 
regardless  of  the  existence  of  an  ordinance  or  of  his  own  personal 
feelings  or  inclinations.  So  far  as  the  writer  knows,  such  a  condition 
prevails  to-day  in  no  city  in  the  United  States.  Just  as  soon  as  each 
individual  realizes  that  it  is  not  only  his  duty  but  that  it  will  work 
to  his  own  benefit  to  cooperate  in  that  which  will  result  in  the  great- 
est good  to  all,  just  so  soon  will  the  necessity  for  a  smoke  ordinance 
disappear.  In  the  meantime,  however,  or  until  the  present  methods 
of  burning  bituminous  coal  are  radically  changed,  such  a  necessity 
will  exist  in  those  localities  where  large  quantities  of  such  coal  are 
consumed. 

THE  ETJNCTION  07  A  CITY  SMOKE  ORDINANCE. 

Although  the  passage  of  a  proper  ordinance  is  not,  by  any  means,: 
the  solution  of  the  smoke-abatement  problem,  it  is,  however,  one  of 
the  most  important  steps,  and  a  clear  realization  of  the  function  of 
such  a  statute  is  therefore  essential. 
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In  order  to  make  easier  and  more  certain  its  enforcement,  the  ordi- 
nance should  state  definitely  what  density  of  smoke  is  permissible  and 
what  d^isity  shall  not  be  emitted.  Some  practical  standard  of  com- 
parison by  which  the  density  of  the  smoke  may  be  determined  should 
be  specified*  A  few  of  the  cities  have  adopted  for  this  purpose  a 
piece  of  glass  of  a  certain  color  and  density,  and  the  ordinances  in 
these  cities  specify  that  smoke  of  darker  color  or  of  greater  density 
than  that  of  a  certain  number  of  thicknesses  of  this  "  standard ''  glass 
is  prohibited.  When  this  method  of  comparison  is  used  the  observer, 
by  looking  through  the  glass  with  one  eye  and  through  or  at  the 
smoke  with  the  other,  determines  whether  the  glass  or  the  smoke  cuts 
off  the  greater  per  cent  of  the  light  from  the  sky. 

Other  cities  use  as  a  standard  a  chart  made  by  laying  out  on  a  white 
card  black  lines  of  specified  width  at  right  angles  to  each  other  and 
with  a  given  spacing.  The  chart  is  placed  in  line  with  the  stack  with 
which  it  is  to  be  compared  and  at  such  a  distance  from  the  observer's 
eye  that  the  ruled-line  area  appears  to  be  of  a  uniforpi  shade  or  color. 
The  smoke  observed  must  not  be  darker  than  the  chart.  A  large 
proportion  of  the  cities  simply  prohibit  the  emission  of  "  dense " 
gray  or  black  smoke  and  do  not  further  define  the  word  "  dense." 
Obviously,  an  ordinance  so  formulated  leaves  open  for  argument  the 
question  as  to  what  is  dense  smoke,  and  conviction  for  violation  will 
for  tiiat  reason  be  more  difficult. 

One  objection  to  the  use  of  the  colored  glass  as  a  standard  is  the 
necessity  of  using  some  special  device  or  some  glass  that  has  been 
tested.  Comparatively  few  people  would  be  supplied  with  such  a 
device  or  such  glass,  whereas  atiyone  could  prepare  according  to 
proper  directions  the  chart  described,  or  such  charts  could  be  printed 
at  small  expense  and  distributed  gratuitously  or  sold  for  a  nominal 
sum.     The  Ringelmann  smoke  chart  <*  previously  mentioned  is  ex- 

•  The  Ringelmann  smoke  chart,  Uke  the  chart  standard  suggested  above,  is  composed  of 
black-line  squares.  The  Ringelmann  chart,  however,  is  divided  into  four  parts  or  cards, 
the  lines  forming  the  squares  being  o^  varying  widths  on  the  four  cards.  Desirable  widths 
and  spadngs  for  the  lines  on  each  card  are  given  by  Professor  Ringelmann  as  follows : 

Card  1. — Black  lines  1  mm.  thick,  10  mm.  apart,  leaving  spaces  9  mm.  square. 

Card  f. — Lines  2.3  mm.  thick,  spaces  7.7  mm.  square. 

Card  S. — Lines  3.7  mm.  thick,  spaces  6.3  mm.  square. 

Card  4. — Lines  5.5  mm.  thick,  spaces  4.6  mm.  square. 

Card  0,  all  white,  and  card  6,  all  black,  are  sometimes  used,  card  0  representing  no 
Hsoke  and  card  5  representing  smoke  100  per  cent  dense. 

In  making  observations  of  smoke  proceeding  from  a  chimney  the  four  cards,  printed 
in  a  horlaontal  row  on  one  chart,  are  bung  at  a  point  about  50  feet  from  the  observer  and 
at  nearly  aa  convenient  In  line  with  the  chimney.  At  this  distance  the  lines  become 
invisible,  the  cards  ranging  In  tint  from  very  light  gray  to  almost  black.  The  observer 
Kitnces  from  the  smoke  coming  from  the  chimney  to  the  cards,  determines  which  card 
most  nearly  corresponds  with  the  color  of  the  smoke,  and  makes  a  record  accordingly, 
noting  the  card  number  and  time  of  observation.  The  observations  are  repeated  at  one- 
fourth  or  one-half  minute  intervals.  From  these  records  the  smoke  density  may  be 
determined  for  each  hour  or  for  each  day. 

Copies  of  this  chart  may  be  obtained  from  the  Bureau  of  Mines. 
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tensively  used  for  the  purpose  of  grading  the  density  of  smoke  and  is 
believed  to  be  the  best  standard  for  comparison.  The  division  of  this 
chart  into  four  parts  or  sections  of  increasing  degrees  of  density 
.makes  possible  its  use  by  cities  desiring  to  set  different  standards  for 
all  stacks  or  various  standards  for  the  different  classes  of  furnaces. 

In  fixing  the  density  of  smoke  that  is  to  be  permitted,  the  require- 
ments should  be  representative  of  the  best  practice ;  the  standard  set 
should  not  be  an  impossible  nor  an  impracticable  one,  neither  should 
it  represent  ordinary  or  poor  practice.  Since  the  prime  object  in 
making  these  requirements  is  to  bring  about  an  improvement,  the 
standard  should  be  an  improvement  over  the  existing  local  average, 
in  the  determination  of  which  the  local  conditions  must  be  given 
thorough  consideration.  In  order  that  the  requirements  so  fixed  may 
be  observed,  sufficient  provision  must,  of  course,  be  made  for  penaliz- 
ing those  who  refuse  to  do  so. 

Another  and  larger  function  of  the  ordinance  is  to  keep  existing 
plants  within  the  requirements  and  at  the  same  time  to  provide  for 
proper  supervision  of  future  installations.  It  is  evident  that  such 
supervision  will  in  most  cases  prevent  the  erection  of  improperly  de- 
signed furnaces,  chimneys,  or  breechings.  Another  result  will  be  the 
provision  of  adequate  space  for  furnaces  and  the  proper  arrangement 
of  furnaces  in  this  space.  Under  present  conditions  it  is  too  often  the 
case  that  buildings  are  so  designed  as  to  leave  insufficient  room  for  the 
power  equipment.  Boilers  are  so  placed  that  they  can  not  be  properly 
cleaned  or  operated;  hence  they  are  forced  or  additional  units  are 
crowded  in,  and  smoke-producing  conditions  result.  It  is  therefore 
important  that  the  situation  of  the  boiler  plant  and  the  providing  of 
adequate  space  for  it  should  receive  consideration  no  less  than  the 
proper  design  of  the  furnaces.  Obviously,  to  accomplish  these  ends, 
persistent  and  systematic  as  well  as  scientifically  correct  methods  must 
be  adopted.  In  other  words,  organization  is  necessary,  and  the  ordi- 
nance should  specify  not  only  how  the  work  is  to  be  organized,  but 
also  the  necessary  qualifications  of  those  who  are  to  be  appointed  to 
carry  it  oi>.  Satisfactory  progress  will  seldom  be  made  unless  the 
organization  is  such  that  certain  officials  or  employees  give  their  entire 
attention  to  the  work  of  smoke  abatement  and  are  held  responsible  for 
the  results  produced. 

If  the  installation  of  improperly  designed  furnaces  is  prevented, 
the  policing  duties  of  the  smoke  inspectors  will  eventually  be  reduced 
to  a  minimum.  The  advisability  of  making  this  sort  of  provision  is 
clearly  shown  in  nearly  any  one  of  the  cities  where  this  protective 
work  is  not  done,  by  the  fact  that  some  of  the  newest  plants  have  been 
so  constructed  that  dense  smoke  is  emitted  a  large  part  of  the  time, 
even  though  the  fixing  may  be  done  with  a  fair  degree  of  care  and 
intelligence.  The  smoke  ordinance  should  therefore  require  that 
plans  and  specifications  for.all  construction  work  on  furnaces  be  sub- 
mitted to  the  smoke  inspector  and  be  approved  by  him  before  work  is 
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started.  If  this  protective  feature  is  to  be  included,  the  smoke  inspec- 
tor must  be  an  engineer,  qualified  by  technical  training  and  experience 
for  the  duties  of  the  office,  and  the  ordinance  should  specify  that  these 
qualifications  are  required. 

It  may  at  first  appear  that  if  the  smoke  inspector  is  to  be  given  the 
power  to  decide  what  furnaces  may  be  installed  and  what  shall  be  for- 
bidden, the  owners  or  operators  should  not  be  held  liable  for  smoke 
emitted  from  furnaces  constructed  according  to  approved  plans.  The 
adoption  of  any  such  provision  for  immimity,  however,  would  release 
the  operator  from  all  responsibility  for  the  way  in  which  the  fires  were 
handled.  Practically  every  furnace  will  produce  smoke  if  improperly 
handled;  hence  the  operator  must  be  held  responsible  for  the  way  in 
whidi  the  stoking  is  done.  The  inspection  of  drawings  is  provided 
for,  not  with  the  idea  that  the  smoke  inspector  shall  design  plants  for 
the  owners,  but  rather  that  he  may  withhold  his  approval  of  plans  for 
work  that  is  known  to  be  improperly  designed. 
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If  the  number  of  defective  or  ineffective  smoke  ordinances,  the 
number  of  revisions  of  this  class  of  city  statutes,  or  the  number  of 
inquiries  received  by  the  Bureau  of  Mines  may  be  considered  as 
indicative,  there  is  a  need  for  more  technically  advised  legislation  and 
for  more  information  along  these  lines.  The  exact  form  that  the 
ordinance  for  any  particular  city  should  take  can  be  decided  upon 
only  after  a  study  has  been  made  of  the  existing  local  conditions. 
Experience  has  shown,  however,  that  certain  features  are  desirable 
and  that  certain  others  are  undesirable,  and  in  the  comment  on  the 
city  ordinances  in  ihe  preceding  portion  of  this  paper  some  of  both 
the  desirable  and  the  undesirable  features  are  noted.  There  are  pre- 
sented in  the  following  pages  two  specimen  forms  for  such  enactments, 
one  adapted  to  the  average  conditions  in  a  city  of,  say,  200,000  popu- 
lation or  over  and  the  other  for  a  city  of  smaller  size.  It  is  not  the 
writer's  idea  that  these  forms  should  be  used  without  change,  but  they 
are  offered  as  representing  what  is  believed  to  be  the  best  practice 
to-day.  If  9  as  such,  they  prove  valuable  to  city  councils,  chambers  of 
commerce,  or  other  city  organizations  as  guides  for  framing  new 
ordinances,  they  will  have  served  their  purpose. 

LARGE  crrr. 

A  form  of  ordinance  proposed  for  a  city  of  over  200^000  inhabitants 
is  as  follows : 

Proposed  form  of  smoke  ordinance  for  a  large  city. 

An  ordinance  providing  for  smoke  Inspection  and  abatement  in  tbe  city 


of 


The  city  eotincll  of  the  city  of do  ordain  as  follows : 

SacnoH  1.  Tliere  is  hereby  created  a  department  of  smol&e  inspection,  the 

head  of  which  shaU  he  known  as  the  smoke  inspector. 
Sic.  2.  The  smoke  inspector  shaU  be  appointed  by  the  mayor  by  and  with  the 

advice  of  the  city  council  and  shaU  j)erform  the  duties  of  his  office  until  removed 

from  office  or  until  his  successor  is  appointed. 
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Sec.  3.  The  person  so  appointed  shall  be  a  mechanical  engineer  qualified  by 
technical  training  and  experience  In  the  theory  and  practice  of  the  construction 
and  operation  of  steam  boilers  and  furnaces ;  also  In  the  theory  and  practice  of 
smoke  abatement  and  prevention. 

Sec.  4.  The  smoke  inspector  shall,  before  entering  upon  the  duties  of  his  office, 

execute  a  bond  to  the  city  of  in  the  sum  of  thousand 

dollars  ($ )  with  sureties  approved  by  the  mayor  and  conditioned  upon 

the  faithful  performance  of  his  duties. 

Sec.  5.  The  salary  of  the  smoke  inspector  shall  be dollars  ($ ) 

per  annum. 

Sec.  6.  There  Is  hereby  created  the  office  of  assistant  chief  smoke  Inspector, 
who  shall  be  appointed  by  the  smoke  Inspector  as  provided  by  law. 

Sec.  7.  The  person  so  appointed  shall  possess  the  same  qualifications  as  those 
specified  for  the  smoke  Inspector. 

Seo.  8.  The  assistant  chief  smoke  Inspector  shall,  before  entering  upon  the 

duties  of  his  office,  execute  a  bond  to  the  city  of In  the  sum  of 

dollars  ($ )  with  sureties  approved  by  the  mayor  and  condi- 
tioned upon  the  fblthful  performance  of  his  duties. 

Sec.  9.  The  salary  of  the  assistant  chief  smoke  inspector  shall  be 

dollars  ($ )  per  annunL 

Sec.  10.  There  shall  be  as  many  deputy  smoke  inspectors^  assistant  smoke 
Inspectors,  clerks,  and  stenographers  as  shall  be  provided  by  the  city  council, 
their  compenatlon  shall  be  fixed  by  the  city  council,  and  they  shall  be  appointed 
by  the  smoke  inspector,  as  provided  by  law. 

Sec.  11.  The  city  council  shall  appoint  a  smoke-abatement  commission  com- 
posed of  seven  representative  citizens,  who  shall  act  as  advisers  to  the  mayor 
and  to  the  smoke  inspector  upon  matters  pertaining  to  the  organization  or  the 
conduct  of  the  department,  or  both.  The  smoke  inspector  shall  at  all  times 
receive  and  place  and  keep  on  file  all  suggestions^  recommoidations,  advice,  or 
other  communications  that  may  be  submitted  to  him  in  writing  by  the  smoke- 
abatement  commission. 

Sec.  12.  The  smoke-abatement  commission  may  name  an  advisory  board  of 
mechanical  ^iglneers,  which  shall  consist  of  three  consulting  engineers  of  recog- 
nized ability  and  integrity,  who  have  had  experience  in  the  installation  and 
operation  of  steam  power  and  heating  planta  This  board  shall  act  as  adviseni 
on  engineering  questions  to  the  smoke-abatement  commission,  to  the  smoke 
Inspector,  and  to  the  members  of  the  department.  Meetings  of  the  advisory 
board  may  be  called  at  any  time  by  the  smoke-abatement  commission  or  by  the 
smoke  Inspector.  Members  of  the  advisory  board  shall  receive  for  their  services 
the  sum  of dollars  ($ — )  for  each  regularly  called  meeting  attended. 

Sec.  13.  No  work  shall  be  done  upon  the  erection  of  any  new  plant,  or  on  the 
reconstruction  of  any  old  plant  for  the  production  of  power  or  heat,  or  on  the 
erection  or  reconstruction  of  any  part  thereof,  except  as  hereinafter  specified, 
until  plans  and  specifications  for  such  erection  or  reconstruction  shall  have  been 
submitted  to  and  approved  by  the  smoke  ln8i)ector,  and  a  permit  Issued  by  him 
for  the  prosecution  of  such  work.  These  plans  and  specifications  shall  show 
not  only  the  nature  and  extent  of  the  proposed  construction  work,  but  also  the 
amount  of  power  or  heat  to  be  supplied  by  such  plant  and  all  appurtenances 
thereto.  Tliey  shall  also  show  that  adequate  space  has  been  provided  for  the 
installation  of  equipment,  so  that  it  may  be  properly  operated,  and  shall  indi- 
cate all  provisions  made  for  the  purpose  of  obtaining  complete  combustion  of  the 
fuel  to  be  used  and  for  the  purpose  of  preventing  smoke.  Said  plans  and  speci- 
fications shall  also  contain  a  statement  of  the  kind  of  fuel  to  be  used,  inclndlng 
the  commercial  size  of  coal  when  such  fuel  is  specified ;  said  plans  and  speciflca- 
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tioBs  4iaU  ftlso  show  tlut  the  room  or  apartmient  in  which  such  plant  is  to  be 
located  is  provided  with  doors,  windows,  or  other  means  of  yentllatioii  sufficient 
to  prerent  the  temperature  of  any  room  or  apartment  wherein  such  steam  plant 
or  apparatus  is  to  be  nsed  from  rising  to  a  point  higher  than  120*'  Fahrenheit, 
and  snfllcieDt  also  to  provide  that  the  atmosphere  of  any  such  room  or  apartment 
may  be  entirely  renewed  every  ten  minutes.  Upon  the  approval  of  said  plans 
and  specifications,  a  duplicate  set  of  which  shall  be  left  on  file  in  the  smoke 
inspector's  office,  and  upon  payment  of  the  fees  hereinafter  provided,  a  permit 
shall  be  issued  for  the  erection  or  reconstruction  of  such  plant.  Upon  the  issu- 
ance of  such  permit  the  smoke  inspector  shall  then  notify  the  superintendent  of 
building  inspection,  whose  duty  it  shall  then  be  to  see  that  the  work  for  which 
the  permit  has  been  granted  is  carried  out  in  accordance  with  the  plans  and 
apeciflcations,  with  especial  reference  to  the  amount  of  space  used,  the  size  and 
construction  of  the  chimney  or  dilmneys  used,  the  provisions  for  the  prevention 
of  smoke,  and  the  provisions  for  ventilation  and  for  maintenance  of  the  proper 
temperature  in  the  engine  and  boiler  rooms. 

Sbc.  14.  It  shaU  be  unlawful  for  any  person  to  use  any  new  or  reconstructed 
plant  for  the  production  of  heat  or  power,  until  he  shall  have  first  procured 
from  the  smoke  inspector  a  certificate  stating  that  the  plant  is  so  constructed 
that  it  will  do  the  work  required,  and  that  it  can  be  so  managed  that  no  dense 
smoke  will  be  emitted  from  the  chimney  connected  to  the  furnace  or  firebox. 

Bna  15.  No  owner  or  operator  shall  alter  or  repair  any  plant  for  the  pro- 
duction of  heat  or  power,  or  any  part  thereof,  which  alteration,  change,  or  in- 
stallation shall  affect  the  method  or  efficiency  of  preventing  smoke,  without 
first  submitting  plans  and  specifications  to  the  smoke  inspector  and  obtaining  a 
permit  therefor;  provided,  however,  that  minor  necessary  or  emergency  re- 
pairs that  do  not  increase  the  capacity  of  such  plant,  or  that  do  not  Involve 
any  alterations  in  the  method  or  efficiency  of  smoke  prevention  may  be  made 
by  or  nnder  the  engineer  in  charge  of  said  plant  without  a  jiermit.  Any  per- 
son who  shall  violate  this  section  shall  be  liable  to  a  fine  of  $25  for  each  day 
upon  which  he  shall  prosecute  such  alteration,  change,  or  installation  without 
a  permit,  and  each  d^y's  violation  shall  constitute  a  separate  offense. 

Sbc.  16l  The  fees  for  the  inspection  of  plans  and  specifications,  for  the  Issuing 
of  permits,  and  for  the  inspection  of  plants  and  Issuing  of  certificates  shall  be 
as  foUows : 

For  inspecting  plans  of  new  plants  and  of  plants  about  to  be  reconstructed,  $2. 

For  inspecting  plans  for  repairs  and  alterations,  $1. 

For  exftminlng  a  plant  after  its  erection  or  reconstruction  and  before  Its  oper- 
ation and  maintenance,  $2. 

The  fee  paid  for  the  inspection  or  examination  shall  Include  the  issuing  of  a 
permit  or  certificate,  in  case  such  permit  or  certificate  is  granted. 

Sbo.  17.  The  emission  of  dense  smoke  within  the  city  from  the  smokestack  of 
any  locomotive,  steamboat,  or  steam  tug  for  a  period  of  more  than  one  minute, 
except  for  a  period  or  periods  aggregating  not  to  exceed  10  minutes  in  any  one 
hour  during  which  period  or  periods  the  firebox  is  being  cleaned  or  a  new  fire 
is  being  built  therein,  is  hereby  declared  a  nuisance:  Provided,  That  the  fire 
engines  or  the  fire  bcmts  of  the  city  fire  department,  or  both  of  them,  shall  be 
exempt  jfrom  these  restrictions. 

The  emission  of  dense  smoke  within  the  city*  from  the  smokestack  of  any 
steam  roller,  steam  derrick,  steam  pile  driver,  tar  kettle,  or  other  similar  ma- 
chine or  contrivance,  or  from  the  smokestack  or  chimney  of  any  building  or 
premises,  except  for  a  period  or  periods  aggregating  not  to  exceed  six  minutes 
In  any  one  hour  during  which  period  or  periods  the  firebox  is  being  cleaned  or  a 
new  fire  is  being  built  therein.  Is  hereby  declared  a  nuisance. 
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Any  nuisance  sadi  as  the  above-specifled  may  be  summarily  abated  by  the 
smoke  Inqpector,  or  by  anyone  whom  he  may  duly  authorise  tor  the  purposeb 
and  such  abatement  may  be  in  addition  to  the  fine  hereinafter  provided. 

Any  person  or  persons,  or  corporation,  owning,  operating,  or  in  diarge  or  con- 
trol of  any  locomotive,  steamboat,  steam  tug,  steam  roller,  steam  derrick,  steam 
pile  driver,  tar  kettle,  or  other  similar  machine  or  contrivance,  or  of  any  build- 
ing or  premises,  who  shall  cause  or  permit  the  emission  of  dense  smoke  within  tlie 
city,  in  contravention  of  the  provisions  of  this  section,  from  the  smokestack  of 
any  locomotive,  steamboat,  steam  tug,  steam  roller,  steam  derrick,  steam  pile 
driver,  tar  kettle^  or  other  similar  machine  or  contrivance,  or  from  the  smoke- 
stock  or  chimney  of  any  building  or  premises  so  owned,  controlled,  or  in  charge 
of  him,  her,  or  them,  shall  be  deemed  guilty  of  a  violation  of  the  ordinance,  and 
upon  conviction"^  thereof  shall  be  fined  not  less  than  ten  dollars  ($10)  nor  more 
than  one  hundred  dollars  ($100)  for  each  offense;  andeach  day  of  such  emission 
of  dense  smoke  fiball  constitute  a  separate  offense. 

For  the  purpose  of  grading  the  density  of  smoke,  the  Blngelmann  smoke  chart, 
as  published  and  used  by  the  Federal  Bureau  of  Mines,  shall  be  the  stand- 
ard of  comparison.  Smoke  shall  be  considered  "  dense  "  when  it  is  of  a  greater 
deoaltj  than  No.  3  of  the  chart. 

Sec.  18.  The  provisions  of  sections  13,  14,  15,  and  17  shall  not  apply  to  de- 
tached private  residences,  nor  to  buildings  used  exclusively  fbr  private  residence 
purposes,  in  which  the  number  of  families  occupying  apartments  shall  be  less 
than  five. 

Sbo.  19.  Prosecutions  for  all  violations  of  this  ordinance  shall  be  instituted  liy 
the  smoke  inspector  and  shall  be  prosecuted  in  the  name  of  the  city  of , 

The  issuance  and  delivery  by  the  smoke  Inspector  of  any  permit  or  certificate 
for  the  construction  or  reconstruction  of,  or  any  permit  for  the  alteration  or 
repair  of  any  plant  or  chimney  connected  with  a  plant  shall  not  be  held  to  ex- 
empt any  person  or  corporation  to  whom  such  permit  or  certificate  has  been  Issued 
or  delivered,  or  who  is  in  possession  of  any  such  permit  or  certificate,  from 
prosecutiim  on  account  of  the  emission  or  Issuance  of  dense  smoke  caused  or 
permitted  by  such  person  or  corporation. 

Sbo.  20.  Any  person  who  shall  violate  any  of  the  provisions  of  this  ordinance, 

except  as  otherwise  provided,  shall  be  fined  not  less  than dollars  (| — ) 

nor  more  than dollars  (| — )  for  each  offense. 

Saa  21.  The  city  shall  provide  such  instruments,  books,  papers,  and  eqolp- 
ment  as  shall  be  necessary  for  the  proper  performance  of  the  duties  of  the 
monbers  of  the  department  The  smoke  inspector  shall  have  charge  of  such 
instruments,  books,  paper,  and  equipment,  and  shall  deliver  the  same  to  his 
successor  in  office. 

Sec.  22.  The  smoke  inspector  shall  cause  to  be  kept  in  his  office  a  complete 
record  of  all  plans  submitted,  of  all  permits  issued,  of  all  examinations  of  plants 
made  by  members  of  the  department,  and  of  all  certificates  issued.  He  shall 
also  cause  to  be  kept  a  record  of  all  stacks  observed  and  of  the  smoke  obsorva- 
tions  for  any  stack  that  is  found  to  exceed  the  allowable  time  limit  fbr  dense 
smoke. 

Sec.  23.  The  smoke  inspector  shall  make  an  annual  report  of  the  work  of  his 

department  to  the  mayor  and  to  the  city  council  on  or  before ,  and 

at  such  other  times  as  he  may  be  required  by  the  city  council 

Sec  24.  If  any  person  acting  on  behalf  of  the  city  under  the  provisions  of  the 
ordinance  shall  take  or  receive  any  money  or  any  valuable  thing  for  the  purpose 
of  deceiving  any  person  or  persons,  or  for  the  purpose  of  favoring  any  person 

or  persons,  he  shall  be  fined dollars  ($ )  for  each  offense  and  shall 

be  dismissed  from  the  service,  and  any  bond  he  may  have  made  shall  be  for- 
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felted;  or  If  the  Inspector  sball  issue  any  certificate  of  Inspection  before  the 
department  shall  have  thoroughly  examined  and  inspected  the  furnace,  device,  or 
apparatus  as  certifiedt  he  shall  be  fined dollars  (| )  for  each  offense. 

MEDIUM-SIZE  CITT. 

It  is  recognized  that  the  smaller  cities  can  not  maintain  as  extensive 
an  organization  to  carry  on  the  smoke-abatement  work,  and  that  it  is 
usually  not  practicable  to  make  regulations  so  stringent  therein  as  is 
advisable  in  the  larger  cities.  In  other  words,  the  smaller  city  must 
adopt  somewhat  different  methods  in  this  work  than  are  practicable 
for  the  larger  city.  A  form  of  ordinance  suitable  for  the  average 
conditions  in  cities  of  50,000  to  200,000  inhabitants  has  therefore  been 
drafted  and  is  as  follows : 

Proposed  form  of  smoke  ordinance  for  a  meditun-size  city. 

An  ordinance  providing  for  smoke  inspection  and  abatement  in  the  city 
of . 

The  city  council  of  the  city  of do  ordain  as  follows : 

Sbction  1.  There  is  hereby  created  the  office  of  smoke  inspector,  the  compen- 
sation and  duties  connected  therewith  to  be  as  hereinafter  specified. 

Sec.  2.  The  smoke  Inspector  shall  be  appointed  by  the  mayor,  by  nnd  with  the 
adrice  of  the  city  council,  and  shall  perform  the  duties  of  his  office  until  removed 
from  office  or  until  his  svccessor  is  appointed. 

Sec.  3.  The  person  so  appointed  shall  be  an  engineer  qualified  by  training  and 
experience  In  the  theory  and  practice  of  the  construction  of  steam  boilers  and 
furnaces^  also  in  the  theory  and  practice  of  smoke  abatement  and  prevention. 

Skj.  4.  The  salary  of  the  smoke  inspector  shall  be dollars  ($ ) 

per  annum. 

Sbc.  5.  There  shaU  be  as  many  deputy  smoke  inspectors,  assistant  smoke 
Inspectors,  clerks,  and  stenographers  as  shall  be  provided  by  the  city  council; 
their  compensation  shall  be  fixed  by  the  city  council*  and  they  shall  be  appointed 
by  the  smoke  inspector  as  provided  by  law  (or  by  the  mayor,  by  and  Y^lth  the 
advice  of  the  city  council). 

Ssc.  0.  The  city  council  shall  appoint  a  citizens'  smoke-abatement  committee 
composed  of  seven  (7)  representative  members,  who  shall  act  as  advisors  to  the 
mayor  and  to  the  smoke  inspector  upon  matters  i)ertaining  to  the  organization 
or  the  conduct  of  the  smoke-abatement  work,  or  both.  The  smoke  inspector 
shaU  at  an  times  receive  and  place  and  keep  on  file  all  sugcrestions,  recommenda- 
tions, advice,  or  other  communications  that  may  be  submitted  to  him  in  writing 
by  the  said  committee. 

Sec.  7.  The  citizens'  smoke-abatement  committee  may  procure  the  services  of 
a  consulting  mechanical  engineer  of  recognized  ability  who  has  had  exprience  in 
the  installation  and  operation  of  steam  power  and  heating  plants,  and  particu- 
larly in  the  prevention  of  smoke  in  such  plants,  to  advise  the  smoke  inspector 
and  the  committee  upon  engineering  problems  In  connection  with  the  smoke- 
abatement  work  whenever  such  advice  is  required ;  provided,  however,  that  the 
total  expense  incurred  for  such  consulting  advice  shall  not  exceed  th^  sum 
allowed  for  such  purpose  by  the  city  council. 

Sec.  8.  It  shall  be  unlawful  for  the  owner,  lessee,  or  operator  of  any  existing 
plant,  or  of  any  plant  about  to  be  constructed,  for  the  production  of  power  or 
heat,  to  proceed  with  the  construction,  reconstruction,  or  alteration  of  such  plant 
until  plans  and  specifications  for  such  work  shall  have  been  submitted  to  the 
smoke  inspector,  approved  by  him,  and  a  permit  for  the  prosecution  of  such 
work  issued.  Tliese  plans  and  specifications  shall  show  the  nature  and  extent  of 
the  work  to  be  done  and  the  amount  of  power  or  heat  to  be  supplied  by  such 
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plant.  Said  plans  and  specifications  shall  also  contain  a  statement  of  the  kind 
of  fuel  to  be  used  and  shall  show  all  provisions  made  for  the  purpose  of  obtain- 
ing complete  combustion  of  the  fuel  to  be  used  and  for  the  purpose  of  preventing 
smoke.  They  shall  also  show  that  the  space  to  be  occupied  by  the  plant  and  the 
location  of  the  equipment  therein  will  not  prevent  the  proper  operation  of  said 
equipment.  Said  plans  and  specifications  shall  also  show  that  the  room  or 
apartment  in  which  such  plant  is  to  be  located  is  provided  with  doors,  windows, 
or  other  means  of  ventilation  sufficient  to  prevent  the  temperature  in  said  room' 
or  apartment  from  rising  to  a  point  higher  than  120*'  Fahrenheit,  and  sufficient 
also  to  provide  that  the  air  in  said  room  or  apartment  may  be  entirely  renewed 
every  ten  minutes.  Upon  the  approval  of  such  plans  a  duplicate  copy  shall  be 
left  with  the  smoke  inspector,  who  shall  then  notify  the  building  inspector,  and 
it  shall  be  the  duty  of  said  building  inspector  to  see  that  the  work  Is  done  in 
accordance  with  the  plans  and  specifications.  The  foregoing  provisions  of  this 
section  shall  not  apply  to  the  steam  plants  in  buildings  used  exclusively  for 
private  residence  purposes  in  which  the  number  of  families  occupying  apart- 
ments shall  be  less  than  five,  nor  to  minor  necessary  or  emergency  alterations  or 
repairs  in  any  other  plants,  which  alterations  or  repairs  do  not  increase  the 
capacity  of  said  plants,  or  which  do  not  involve  any  substantial  alteration  in 
structure,  and  which  do  not  involve  any  alteration  in  the  method  or  efficiency  of 
smoke  prevention. 

Any  person  who  shall  violate  this  section  shall  be  liable  to  a  fine  of  twenty-five 
dollars  ($25)  for  each  day  upon  which  he  shall  prosecute  such  alteration,  change, 
or  installation  without  a  permit,  and  each  day*s  vic^atlon  shall  constitute  a 
separate  offense. 

Sec.  9.  A  fee  of  one  dollar  ($1)  shall  be  charged  for  the  inspection  of  plans 
and  specifications  for  the  erection,  reconstruction,  or  alteration  of  any  plant,  this 
fee  to  include  the  issuing  of  a  permit,  in  case  such  permit  is  granted. 

Sec.  10.  The  emission  of  dense  smoke  within  the  city  from  the  smokestack  of 
any  locomotive,  steamboat,  or  steam  tug  for  a  period  of  more  than  seventy-five 
(75)  seconds^  except  for  a  period  or  periods  aggregating  not  to  exceed  12  minutes 
in  any  one  hour,  during  which  period  or  periods  the  firebox  is  being  cleaned  or  a 
new  fire  being  built  therein,  is  hereby  declard  a  nuisance :  Provided,  That  the 
fire  engines  or  fire  boats  of  the  city  fire  department,  or  both  of  them,  shall  be 
exempt  from  these  restrictions. 

The  emission  of  dense  smoke  within  the  city  from  the  smokestack  of  any 
steam  roller,  steam  derrick,  steam  pile  driver,  tar  kettle,  or  other  similar 
machine  or  contrivance,  or  from  the  smokestack  or  chimney  of  any  building  or 
premises,  except  for  a  period  or  periods  aggregating  not  to  exceed  nine  minutes 
in  any  one  hour,  during  which  period  or  periods  the  fire  box  is  being  cleaned  or 
a  new  fire  is  being  built  therein,  is  hereby  declared  a  nuisance. 

Any  nuisance  such  as  the  above  specified  may  be  summarily  abated  by  the 
smoke  inspector,  or  by  anyone  whom  he  may  duly  authorize  foi  the  purpose,  and 
such  abatement  may  be  in  addition  to  the  fine  hereinafter  provided. 

Any  person  or  persons,  or  corporation  owning,  operating,  or  in  charge  or  con- 
trol of  any  locomotive,  steamboat,  steam  roller,  steam  derrick,  steam  pile  driver, 
tar  kettle,  or  other  similar  machine  or  contrivance,  or  of  any  building  or  prem- 
ises, who  shall  cause  or  permit  the  emission  of  dense  smoke  within  the  city,  in 
contravention  of  the  provisions  of  this  section,  from  the  smokestack  of  any  such 
locomotive,  steamboat,  steam  tug,  steam  roller,  steam  pile  driver,  steam  derrick, 
tar  kettle,  or  other  similar  machine  or  contrivance,  or  from  the  smokestack  or 
chimney  of  any  building  or  premises  so  owned,  controlled,  or  in  charge  of  him, 
her,  or  them,  shall  be  deemed  guilty  of  a  violation  of  this  ordinance,  and  upon 
conviction  thereof  shall  be  fined  not  less  than  ten  dollars  ($10)  nor  more  than 
one  hundred  dollars  ($100)  for  each  offense;  and  each  day  of  sach  emission  of 
dense  smoke  shall  constitute  a  separate  offense. 
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For  the  purpose  of  grading  the  density  of  smoke  the  Ringelmann  smoke  chart, 
as  published  and  used  by  the  Federal  Bureau  of  Mines,  shall  be  the  standard 
of  comparison.  Smoke  shall  be  considered  "dense"  when  It  is  of  greater 
doiaity  than  No.  3  of  the  chart 

The  provisions  of  this  section  shall  not  apply  to  detached  private  residences, 
nor  to  buildings  used  exclusively  for  private  residence  purposes.  In  which  the 
number  of  families  occupying  apartments  shall  be  less  than  five. 

Ssa  11.  Prosecutions  for  all  violations  of  this  ordinance  shall  be  instituted 
by  the  smoke  inspector  and  shall  be  prosecuted  In  the  name  of  the  city  of 


The  Issuance  and  the  delivery  by  the  smoke  inspector  of  any  permit  for  the 
construction,  reconstruction,  alteration,  or  repair  of  any  plant  or  chimney  con- 
nected with  a  plant,  shall  not  be  held  to  exempt  any  person  or  corporation  to 
whom  such  permit  has  been  issued  or  delivered,  or  who  is  in  possession  of  any 
such  permit,  from  prosecution  on  account  of  the  emission  or  issuance  of  dense 
smoke  caused  or  permitted  by  such  person  or  corporation. 

Sec.  12.  The  city  shall  provide  such  instruments,  books,  papers,  and  equip- 
ment as  shall  be  necessary  for  the  proper  prosecution  of  the  smoke-abatement 
work.  The  smoke  inspector  shall  have  charge  of  such  instruments,  books, 
papors,  and  equipment,  and  shall  deliver  the  same  to  his  successor  In  office. 

Sec.  13.  The  smoke  inspector  shall  cause  to  be  kept  in  his  office  a  complete 
record  of  all  plans  submitted  and  of  all  permits  issued.  He  shall  also  cause  to 
be  kept  a  record  of  all  stacks  obsen-ed  and  of  the  smoke  observations  from  any 
stack  that  is  found  to  exceed  the  allowable  time  limit  for  dense  smoke. 

Sec.  14.  The  smoke  inspector  shall  make  a  report  of  his  work  or  the  work 
done  under  his  direction  to  the  mayor  and  city  council  annually,  on  or  before 
,  and  at  other  times  as  often  as  required  by  the  city  council. 

Sec,  15.  If  any  person  acting  on  behalf  of  the  city  under  the  provisions  of 
this  ordinance  shall  take  or  receive  any  money  or  any  valuable  thing  for  the 

purpose  of  favoring  any  person  or  persons^  he  shall  be  fined  ^  dollars 

($ )  for  each  offense  and  shall  be  dismissed  from  the  service ;  or  if  the  in- 
spector shall  issue  any  i)ermit  as  mentioned  in  section  8  of  this  ordinance,  with- 
out thoroughly  examining  the  plans  and  specifications  for  the  work  for  which 
the  permit  Is  issued,  he  shall  be  fined r  dollars  ($ )  for  each  offense. 

SMAIX   CITY. 

The  problem  in  the  city  of,  say,  20,000  population  will  usually 
require  a  different  method  of  attack  than  has  been  outlined  for 
either  the  large  or  the  medium-sized  city.  A  small  city  has  compara- 
tively few  new  boiler  plants,  reconstructions,  or  alterations  in  the 
course  of  a  year,  so  that  the  policing  phase  becomes  of  major  impor- 
tance. However,  the  small  city  ought  to  protect  itself  and  its  manu- 
facturers from  the  installation  of  improperly  designed  furnaces  and 
thereby  save  heavy  expenditures  for  reconstruction  in  later  years. 
The  board  of  trade  or  a  similar  civic  organization  of  such  a  city  can 
authorize  a  conunittee  to  obtain  information  concerning  furnace  de- 
signs or  methods  of  operation  developed  in  other  cities,  or  to  inform 
themselves  so  that  they  may  be  able  to  direct  those  interested  to  com- 
petent advisors  on  the  subject  of  smoke  prevention.  With  a  strong 
public  sentiment  to  supplement  its  efforts  such  a  civic  organization 
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should  be  able  to  accomplish  much  good  in  the  smaller  cities  that  can 
afford  no  organized  municipal  effort  toward  smoke  abatement. 

EKFOBCEMENT  OF  SMOKE  0BI)INANCE& 

Undoubtedly,  the  chief  reason  why  our  cities  have  not  made  more 
rapid  progress  toward  smoke  abatement  has  been  the  failure  of  those 
intrusted  with  the  enforcement  of  the  smoke  ordinances  properly  to 
perform  their  duties.  In  many  cities  where  there  are  ordinances 
prohibiting  or  restricting  the  emission  of  dense  smoke,  little  report  is 
ever  heard  of  any  effort  to  enforce  compliance  with  their  provisions. 
Nevertheless,  one  of  the  first  arguments  raised  by  those  who  are  op- 
posing the  enactment  of  such  legislation  in  any  city  is  that  they  will 
be  continually  annoyed  by  an  overbearing  inspector.  If,  as  is  usu- 
ally the  case,  there  appears  to  be  laxity  in  enforcing  the  ordinance, 
blame  ordinarily  attaches  to  the  smoke  inspector,  whereas  to  others 
may  belong  the  greater  share  of  responsibility.  It  is  believed  that 
frequently  the  real  trouble  lies  in  the  fact  that  wrong  methods  of 
enforcement  are  adopted. 

Public  sentiment  is  just  as  necessary  for  the  successful  enforcement 
of  smoke  ordinances  as  for  the  enforcement  of  any  other  class  of  laws 
or  ordinances.  Compliance  with  such  enactments  can  be  had  and 
will  be  demanded  by  public  officials  only  when  required  by  public 
opinion,  but  it  is  essential  for  the  accomplishment  of  the  best  results 
that  the  force  of  such  opinion  be  used  in  the  most  effective  manner — 
it  should  be  manifested  in  constructive  effort  and  not  in  mere  fault- 
finding. A  few  cities  have  considered  this  matter  of  such  importance 
that  they  have  provided  in  their  smoke  ordinances  for  stimulating 
and  making  the  best  use  of  these  constructive  activities  by  having  a 
smoke-abatement  committee  or  commission  composed  of  representa- 
tive citizens  to  advise  with  the  mayor  and  the  inspector.  If  the 
members  of  such  a  committee  are  carefully  selected  their  cooperation 
should  enable  the  city  department  to  accomplish  much  more  than 
would  otherwise  be  possible.  The  committee  will,  if  so  selected,  act  as 
a  balance  wheel  for  the  department  by  preventing  inactivity  or  over- 
activity. 

In  this  connection  the  value  of  the  advice  of  such  a  committee  in 
assisting  the  inspector  to  detennine  the  proper  policy  to  be  followed 
in  any  particular  instance  or  under  any  given  conditions  should  not 
be  overlooked.  Furthermore,  the  announcement  to  the  offender  of  the 
procedure  proposed  will  frequently  be  more  agreeably  received  from 
the  chairman  or  other  members  of  the  committee  than  from  the  in- 
spector. The  prevention  of  dense  smoke  in  some  plants  may  be 
possible  only  after  radical  changes  are  made,  and  in  such  a  case  the 
owner  or  operator  will  usually  be  more  inclined  to  yield  to  the  urging 
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of  the  committee  than  he  would  to  that  of  a  city  official.  The  more 
the  plant  owners  and  operators  feel  that  there  is  a  spirit  of  coopera- 
tion being  manifested  toward  them  the  easier  can  compliance  with  the 
ordinance  be  obtained. 

At  the  same  time,  however,  firmness  and  impartiality  in  carrying 
out  the  spirit  of  the  law  are  equally  essential.  Promises  and  excuses 
are  easily  made,  and  some  owners  are  inclined  to  stave  off  for  as  long 
a  time  as  possible  the  alterations,  reconstruction,  or  extra  attention 
necessary  to  enable  them  to  obey  the  law.  The  imposing  of  a  fine 
for  excessive  smoke  will  usually  have  the  desired  effect  on  such 
offenders,  but  recourse  to  the  courts  should  be  had  only  when  argu- 
ment and  persuasion  prove  futile. 

If  the  city  is  large  enough  to  be  able  to  employ  a  technically  trained 
expert  as  smoke  inspector  and  to  provide  for  expert  consulting  advice 
for  him  or  for  the  smoke-abatement  committee  or  commission,  money 
will  probably  be  saved  to  the  business  interests  of  the  city  and  more 
rapid  progress  made  in  the  elimination  of  smoke  by  so  doing.  Smaller 
cities  that  are  unable  to  appropriate  sufficient  funds  for  such  a  course 
may,  in  a  measure,  accomplish  the  same  end  by  furnishing  to  plant 
owners,  through  their  smoke-abatement  committees  or  their  chambers 
of  coDMnerce  or  boards  of  trade,  information  relative  to,  and  possibly 
drawings  of,  satisfactory  installations  of  any  particular  type  of 
boiler.  Through  these  same  channels  they  may  supply  the  names  of 
engineers  who  are  capable  of  advising  the  owner  on  difficult  engineer- 
ing problems  that  may  be  involved  in  the  building,  reconstructing, 
or  altering  of  plants. 

The  important  point  is  that  the  plant  owner  or  operator  shall 
realize  the  necessity  of  considering  smoke  prevention  whenever 
furnace-construction  work  is  to  be  done,  and  shall  thus  be  saved  the 
expense  of  tearing  out  and  reconstructing  such  furnaces.  • 

CONCLUSION. 

It  is  not  intended  that  the  reader  will  gain  from  a  perusal  of  the 
preceding  pages  the  impression  that  the  abatement  of  coal  smoke  in 
any  city  is  a  simple  problem,  or  that  it  can  be  accomplished  in  a  short 
time.  The  effort  has  rather  been  to  point  out  wherein  some  of  the 
efforts  toward  this  end  have  been  misdirected  and  to  indicate  what 
are  believed  to  be  better  methods  of  attack.  The  real  reason  that  more 
has  not  been  accomplished  up  to  the  present  time  in  many  of  our 
cities  is  that,  through  ignorance  or  indifference,  money  and  efforts 
have  been  wrongly  applied.  The  complete  elimination  of  the  smoke 
nuisance  will  not  be  possible  in  such  cities  until  improved  and  radi- 
cally different  methods  of  utilizing  the  fuel  are  adopted.  With 
properly  designed  and  well-operated  furnaces  a  great  reduction  in 
the  amount  of  smoke  is  to-day  not  only  possible  but  is  necessary. 


APPENDIX. 


For  the  information  of  persons  who  wish  to  know  the  exact  phrase- 
ology of  some  of  the  smoke^abatement  ordinances  mentioned  in  this 
bulletin,  especially  of  those  ordinances  that  contain  features  of  par- 
ticular interest,  the  smoke-abatement  ordinances  of  the  cities  of 
Chicago,  Pittsburgh,  Des  Moines,  Milwaukee,  and  Los  Angeles  are 
printed  at  length,  as  well  as  the  State  act  that  applies  to  the  city  o^ 
Bofitcm. 

The  Chicago  ordinance  is  perhaps  the  most  comprehensive  and 
most  complete  of  those  in  effect  in  the  large  cities  of  the  United  States. 
Its  requirements  apply  particularly  to  the  needs  of  a  great  industrial 
center  where  coals  high  in  volatile  matter  are  the  chief  available  fuel. 
The  ordinance  is  as  follows: 

Be  it  ordained  hy  the  city  council  of  the  city  of  Chicago: 

Section  1.  There  is  hereby  established  a  department  of  smoke  inspection,  the 
head  of  which  shall  be  known  as  the  smoke  inspector. 

Sec.  2.  The  smoke  inspector  shaU  be  appointed  by  the  mayor  by  and  with  the 
adTice  of  the  city  council. 

Sec.  3.  The  person  so  appointed  shall  be  a  mechanical  engineer,  qualified  by 
technical  training  and  experience  in  the  theory  and  practice  of  the  construction 
and  operation  of  steam  boilers  and  furnaces  and  also  in  the  theory  and  practice 
of  smoke  abatement  and  prevention. 

Sec.  4.  The  smoke  inspector,  before  entering  upon  the  duties  of  his  office,  shall 
execute  a  bond  to  the  city  of  Chicago  in  the  sum  of  $10,000,  with  sureties  to  be 
approved  by  the  mayor,  conditioned  upon  the  faithful  performance  of  the  duties 
of  his  office. 

Sec  5.  The  salary  of  the  smoke  inspector  shall  be  $4,000  per  annum. 

Sec.  6.  There  is  hereby  created  the  office  of  chief  assistant  smoke  inspector, 
who  shall  be  appointed  by  the  smoke  inspector  as  provided  by  law. 

Sec.  7.  The  qualifications  of  the  chief  assistant  smoke  inspector  shall  be  the 
same  as  the  qualifications  herein  provided  for  the  smoke  inspector. 

Sec.  8.  The  chief  assistant  smoke  inspector  shall,  before  entering  upon  the 
duties  of  his.  office,  execute  a  bond  to  the  city  of  Chicago  in  the  sum  of  $5,000, 
with  sureties  to  be  approved  by  the  mayor,  conditioned  upon  the  faithful  per- 
formance of  the  duties  of  his  office. 

Sec.  9.  The  salary  of  the  chief  assistant  smoke  inspector  shaU  be  $3,000 
per  annum. 

Sec.  10.  There  shall  be  as  many  deputy  smoke  inspectors  as  shall  be  pro- 
vided for  by  the  city  council;  their  compensation  shall  be  fixed  by  the  city 
council,  and  they  shall  be  appointed  by  the  smoke  inspector  in  the  manner 
provided  by  law. 

Sec.  11.  There  shall  be  as  many  assistant  smoke  inspectors  as  shall  be  pro- 
vided by  the  city  council ;  their  compensation  shall  be  fixed  by  the  city  council, 
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and  they  shall  be  appointed  by  the  smoke  Inspector  in  the  manner  provided 
by  law. 

Sec.  12.  There  shall  be  as  many  clerks  and  stenographers  assigned  to  this 
department  as  shall  be  provided  by  the  city  council ;  their  comp^isation  shall 
be  fixed  by  the  city  council,  and  they  shall  be  appointed  by  the  smoke  inspector 
in  the  manner  provided  by  law. 

Seo.  13.  The  mayor  may  in  his  discretion  appoint  a  smoke-abatement  com- 
mission composed  of  eight  members,  who  shall  act  as  advisers  to  the  mayor  in 
the  organization  of  the  department  and  as  advisers  to  the  smoke  inspector  in 
the  conduct  of  the  department.  The  smoke  inspector  shall  at  all  times  receive, 
place,  and  keep  on  file  in  his  office  any  suggestion,  recommendation,  advice,  or 
other  communication  which  may  be  presented  to  him  in  writing  by  the  smoke- 
abatement  commission.  The  smolce-abatement  commission  may  name  an  ad- 
visory board  of  mechanical  engineers  which  shall  consist  of  three  consulting 
engineers  of  recognized  ability  and  integrity,  who  have  had  experience  in 
the  installation  and  conduct  of  power  and  heating  plants.  This  board  shall 
act  as  advisers  on  engineering  questions  to  the  smoke-abatement  commission 
and  to  the  smoke  inspector  and  to  the  members  of  the  department  Meetings 
of  the  advisory  board  of  mechanical  engineers  may  be  called  at  any  time  either 
by  the  smoke-abatement  commission  or  by  the  smoke  inspector.  Members  of 
the  advisory  board  of  mechanical  engineers  shall  receive  as  their  compensation 
the  sum  of  $10  for  each  member  for  each  regularly  called  meeting  attended. 

Sec.  14.  No  new  plants  or  any  reconstruction  of  any  old  plants  for  producing 
power  and  heat,  or  either  of  them,  or  any  new  chimney  connected  with  a  steam 
plant  shall  be  erected  or  maintained  in  the  city  until  plans  and  specifications 
of  the  same  have  been  filed  in  the  office  of  and  approved  by  the  smoke  inspector 
and  a  permit  issued  by  him  for  such  erection,  reconstruction,  or  maintenance: 
Plans  and  specifications  to  be  filed  with  the  smoke  inspector  shall  show  the 
amount  of  work  and  the  amount  of  heating  to  be  done  by  such  plant  and  all 
appurtenances  thereto,  including  all  provisions  made  for  the  purpose  of  securing 
complete  combustion  of  the  fuel  to  be  used  and  for  the  purpose  of  prev^itlng 
smoke;  said  plans  and  specifications  shall  also  contain  a  statement  of  the  kind 
of  fuel  proposed  to  be  used,  and  said  plans  and  specifications  shall  also  show 
that  the  room  or  apartment  in  which  such  plant  shall  be  located  is  provided 
with  doors,  windows,  air  shafts,  fans,  and  other  means  of  ventilation  sufficient 
to  prevent  the*  temperature  of  such  room,  apartment,  basement,  or  other  por- 
tion of  such  building  wherein  such  steam  plant  or  apparatus  is  to  be  used  from 
rising  to  a  point  higher  than  120**  F.,  and  sufficient  also  to  provide  that  the 
atmosphere  of  any  such  apartment  wherein  such  apparatus  may  be  located  may 
be  entirely  renewed  every  10  minutes.  Upon  the  approval  of  such  plans  and 
specifications,  a  duplicate  set  of  which  shall  be  left  on  file  in  said  office,  and 
upon  the  payment  of  the  fees  as  hereinafter  provided,  the  smoke  inspector  shall 
issue  a  permit  for  the  reconstruction,  erection,  or  maintenance  of  such  plant. 
As  soon  ns  the  smoke  Inspector  has  examined  the  plans  and  specifications 
submitted  and  has  issued  a  permit  as  above  provided,  he  shall  then  notify  the 
commissioner  of  buildings  to  see  that  the  execution  of  the  work  permitted  is 
carried  out  in  conformity  with  the  plans  and  specifications,  with  special  refer- 
ence to  the  amount  of  space  used,  the  size  and  construction  of  the  chlnmey  or 
chimneys  used,  the  provisions  for  the  prevention  of  smoke,  and  the  provisions 
for  ventilation,  and  for  the  proper  temperature  in  the  engine  and  boiler  rooms. 

Sec.  15.  It  shall  be  unlawful  for  any  i)crson  to  use  any  new  or  reoonstructed 
plant  for  the  production  and  generation  of  heat  and  power,  or  either  of  them« 
until  he  shall  have  first  procured  a  certificate  from  the  smokt  inspector  that 
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the  plant  is  so  constructed  IMt  it  will  do  the  work  required,  and  that  it  can 
be  so  managed  that  no  dense  smoke  shall  be  emitted  from  the  chimney  con- 
nected with  the  furnace  or  fire  box. 

Sbc.  16.  No  owner  shall  alter  or  repair  any  chimney  or  any  old  furnace  or 
derice,  which  alteration,  change,  or  installation  shall  affect  the  method  or 
efficiency  of  preventing  smoke,  without  first  submitting  plans  and  si^ecificatlons 
to  the  smoke  inspector  and  securing  a  permit  therefor :  Provided,  however.  That 
minor  necessary  or  emergency  repairs  which  do  not  increase  the  capacity  of 
such  plant  or  which  do  not  involve  any  substantial  alteration  in  stricture,  and 
which  do  not  Involve  any  alteration  in  the  method  or  efficiency  of  smoke  pre- 
vention, may  be  made  by  or  under  the  engineer  in  charge  of  said  plant  without 
a  permit  Any  person  who  shall  violate  this  section  shall  be  liable  to  a  fine  of 
f25  for  each  day  upon  which  he  shall  prosecute  such  alteration,  change,  or 
installation  without  a  permit,  and  each  day's  violation  shall  constitute  a 
separate  offense. 

Sec.  17.  The  emission  of  dense  smoke  within  the  city  from  the  smokestack 
of  any  locomotive,  steamboat,  steam  tug,  steam  roller,  steam  derrick,  steam 
pile  driver,  tar  kettle,  or  other  similar  machine  or  contrivance,  or  from  the 
smokestack  or  chimney  of  any  building  or  premises,  excepting  for  a  period  of 
six  minutes  in  any  one  hour,  during  which  the  fire  box  is  being  cleaned  out 
or  a  new  fire  being  built  therein,  is  hereby  declared  to  be  a  nuioance,  and  may 
be  summarily  abated  by  the  smoke  inspector,  or  by  anyone  whom  he  may  duly 
authorize  for  such  purpose.  Such  abatement  may  be  in  addition  to  the  fine 
hereinafter  provided.  Any  person  or  persons,  or  corporation,  owning,  operat- 
ing, or  in  dmrge  or  control  of  any  locomotive,  steamboat,  steam  tug,  steam  roller, 
steam  derrick,  steam  pile  driver,  tar  kettle,  or  other  similar  machine  or  con- 
trivance, or  of  any  building  or  premises,  who  shall  cause  or  permit  the  emission 
of  dense  smoke,  within  the  city,  from  the  smokestack  or  chimney  of  any  such 
locomotive,  steamboat,  steam  tug,  steam  roller,  steam  derrick,  steam  pile 
driver,  tar  kettle,  or  other  similar  machine  or  contrivance,  or  from  the  smoke- 
stack or  chimney  of  any  building  or  premises  so  owned,  coutrolled,  or  in 
charge  of  him,  her,  or  them,  except  for  a  period  of  six  minutes  in  any  one 
hour,  during  which  the  fire  box  is  being  cleaned  out  or  a  new  fire  built  therein, 
shall  be  deemed  guilty  of  a  violation  of  this  ordinance,  and  upon  conviction 
thereof  shall  be  fined  not  less  than  $10  nor  more  than  $100  for  each  offense, 
and  each  day  of  such  emission  of  dense  smoke  shall  constitute  a  separate 
offense. 

Sec  18.  The  fees  for  the  inspection  of  plans  and  issuing  of  permits  for  the 
inspection  of  plants  and  Issuing  of  certificates  ^all  be  as  follows : 

For  inspecting  plans  of  new  plants  and  plants  about  to  be  reconstructed,  $2. 

For  inspecting  plans  for  repairs  and  alterations,  $1. 

For  examining  a  plant  after  its  erection,  or  reconstruction  and  before  its 
operation  aiid  maintenance,  |3. 

The  fee  paid  for  the  inspection  or  examination  shall  include  the  issuing  of 
a  permit  or  certificate,  in  case  such  permit  or  certificate  is  granted. 

The  smoke  inspector  may,  and  he  is  hereby,  directed  and  instructed  to  remit 
all  inspection  or  examination  fees  charged,  or  that  hereafter  may  be  charged, 
against  any  and  all  charitable,  religious,  and  Questional  institutions  when  the 
fnmace  or  other  device  or  apparatus  Inspected  is  located  in  or  upon  premises 
used  and  occupied  exclusively  by  such  charitable,  religious,  or  educational  In- 
srltDtlons:  Provided^  That  such  charitable,  religious,  or  educational  institution 
is  not  conducted  or  carried  on  for  private  gain  or  profit :  And  provided  further. 
That  the  smoke  inspector  may  require  every  application  for  the  remission  of  such 
fees  to  be  verified  by  the  affidavit  of  one  or  more  taxpayers  of  the  city. 
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Sec.  19.  Prosecutions  for  all  Tlolations  of  this  ordinance  shall  be  instituted 
by  the  smoke  inspector  and  shall  be  prosecuted  in  the  name  of  the  city  of 
Chicago. 

The  issuance  and  delivery  by  the  smol^e  inspector  of  any  jiermit  or  certificate 
for  the  construction  or  reconstruction,  or  any  permit  for  the  alteration  or  repair 
of  any  plant  or  chimney  connected  with  a  plant,  shall  not  be  held  to  exempt 
any  person  or  corporation  to  whom  any  such  permit  has  been  Issued  or  delivered, 
or  who  is  in  possession  of  any  such  permit,  from  prosecution  on  account  of  the 
emission  or  issuance  of  dense  smoke  caused  or  permitted  by  any  such  person  or 
corporation. 

Sec  20.  Any  person  who  shall  violate  any  of  the  provisions  of  this  ordinance 
(except  as  is  herein  otherwise  provided)  shall  be  fined  not  less  than  $25  nor 
more  than  $100  for  each  offense. 

Sec.  21.  The  city  shall  provide  such  instruments,  books,  papers,  and  equipment 
as  shall  be  necessary  for  the  proper  performance  of  the  duties  of  the  members 
of  the  department.  The  smoke  Inspector  shall  have  charge  of  such  instru- 
ments, books,  papers,  and  equipment,  and  shall  deliver  the  same  to  his  successor 
in  office. 

Sec.  22.  The  smoke  inspector  shall  cause  to  be  kept  in  his  office  a  complete 
record  of  all  plans  submitted  and  of  all  permits  issued  and  of  all  examinations 
of  plants  made  by  members  of  the  department  and  also  of  all  certificates  issued. 

Sec  23.  The  smoke  inspector  shall  make  a  report  of  the  work  of  his  depart- 
ment to  the  mayor  and  city  council  annually,  on  or  before  the  1st  day  of 
February,  and  at  other  times  as  of  ^en  as  required  by  the  city  council. 

Sec  24.  If  any  person  acting  on  behalf  of  the  city  under  the  provisions  of 
this  chapter  shall  take  or  receive  any  money  or  any  valuable  thing  for  the 
purpose  of  deceiving  or  defrauding  any  person  or  persons,  or  for  the  purpose 
of  favoring  any  person  or  persons,  or  if  any  Inspector  shall  recommend  the 
issue  of  any  certificate  of  inspection  without  having  at  the  time  stated  thor- 
oughly examined  and  tested  the  furnace,  device,  or  apparatus  so  certified,  he 
shall  be  fined  $100  for  each  offense. 

Sec  25.  Chapter  LXIV  of  the  Revised  Municipal  Code  of  Chicago  of  1905, 
as  amended,  so  t&T  only  as  said  chapter  refers  to  smoke  inspection,  is  hereby 
repealed,  and  the  position  of  chief  smoke  inspector  created  by  said  chapter  is 
hereby  abolished. 

Sec  26.  This  ordinance  shall  take  effect  on  and  after  its  passage  and  pub- 
lication. 

The  Pittsburgh  ordinance  applies  especially  to  a  large  manufac- 
turing city  in  which  many  metallurgical  plants  complicate  the  prob- 
lem of  smoke  abatement.  The  ordinance,  which  became  effective  in 
October,  1911,  reads  as  follows : 

Section  1.  Be  it  ordained  and  enacted  J)y  the  city  of  Pittahurgh,  in  councU 
assembled^  and  it  is  hereby  ordained  and  enacted  by  the  authority  of  the  same. 
That  no  steam-boiler  furnace  or  other  furnace,  excepting  in  private  residences, 
miU-heating  furnaces,  and  puddling  furnaces,  shall  be  constructed  within  the 
corporate  limits  of  the  city  of  Pittsburgh  until  the  owner,  agent,  or  lessee  shall 
first  make  written  application  at  the  office  of  the  chief  smoke  inspector  for  a 
certificate  for  that  purpose  and  shall  furnish  a  written  statement  and  drawings 
uf  the  style  and  dimensions  of  such  boiler  or  furnace,  the  height  and  size  of 
stack  or  chimney,  and  the  method  or  device  for  preventing  the  emission  of 
dense  black  or  dense  gray  smoke  therefrom  for  more  tlian  eight  (8)  minutes  in 
any  one  hour,  and  the  chief  smoke  inspecor's  approval  has  been  obtained: 
Provided,  however.  That  no  discrimination  shaU  be  exercised  for  or  against 
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any  method,  Indiidiiig  hand  firing,  which  will  and  does  now  prevent  the  emis- 
sion of  dense  black  or  dense  gray  smoke  except  for  eight  (8)  minutes  in  any 
one  hoar. 

Sec.  2.  Erery  boiler  furnace  or  other  furnace  used  within  the  corporate  limits 
of  the  city  of  Pittsburgh,  excepting  In  private  residences,  mill-heatlng  furnaces, 
and  puddling  furnaces.  In  which  bituminous  coal  is  burned  ns  fuel,  shall  be  so 
constructed  or  altered  as  to  prevent  the  production  and  emission  of  dense  black 
or  dense  gray  smoke  therefrom,  except  for  eight  (8)  minutes  in  any  one  hour; 
and  no  paw>n  or  persons,  associations,  or  corporation  being  the  owner  or  lessee, 
or  having  control  of  any  such  steam  boiler  or  other  furnace,  shall  use  or  allow 
the  use  of  any  steam  boiler  or  other  furnace  which  shall  not  be  so  constructed, 
cr  If  already  constructed  at  the  time  of  the  passage  of  this  ordinance,  which 
shall  not  be  so  altered,  or  the  method  of  stoking  be  so  regulated  as  to  prevent 
the  emission  of  dense  black  or  dense  gray  smoke  for  more  than  eight  (8) 
minutes  in  any  one  hour. 

Sec.  3.  The  Issuance  and  delivery  by  the  smoke  inspector  of  any  permit  or 
certificate  for  the  construction  or  reconstruction,  or  any  permit  for  the  altera- 
tion or  repair  of  any  plant  or  chimney  connected  with  a  plant,  shall  not  be  held 
to  exempt  any  person  or  corporation  to  whom  any  such  permit  has  been 
IsBoed  or  delivered,  or  who  Is  in  possession  of  any  such  permit,  from  prosecution 
on  account  of  the  emission  or  issuance  of  dense  black  or  dense  gray  smoke 
caused  or  permitted  by  any  such  person  or  corporation,  in  violation  of  the 
terms  of  this  ordlnanca 

Sec.  4.  It  shall  be  the  duty  of  the  deputy  smoke  inspectors  personally  to 
Inspect  all  chimneys,  steam-generating  plants,  and  all  other  furnace  apparatus 
in  use,  excepting  In  private  residences,  mill-heating  furnaces,  and  puddling 
furnaces,  and  to  make  written  reports  of  the  same  to  the  chief  smoke  inspector, 
who  shall  keep  a  permanent  record  of  all  essential  facts  relating  thereto.  The 
chief  smoke  Inspector  or  his  deputies  shall  have  authority  to  inspect  and 
sopervise  all  boilers  or  furnaces  which  ore  subject  to  the  provisions  of  this 
ordinance  within  the  corporate  limits  of  the  city  of  Pittsburgh  and  ui)on  the 
waters  adjacent  thereto,  where  such  are  within  the  jurisdiction  of  the  pro- 
visions of  this  ordinance,  and  shall  further  have  authority  to  examine  and 
supervise  the  Igniting,  stoking,  feeding,  and  attending  such  boiler  or  other 
furnace  fires,  and  for  that  purpose  he  or  his  duly  appointed  assistants  shall 
also  liave  authority  to  enter  any  steam  boiler  or  engine  room,  or  any  building 
from  which  dense  black  or  dense  gray  smoke  is  being  emitted,  and  during  the 
preoeding  twenty-four  hours  has  been  emitted;  and  any  person  or  persons 
hindering  or  obstructing  them  in  the  performance  of  such  duty  shall  be  guilty 
of  a  violation  of  this  ordinance. 

Ssa  5.  If  the  escape  of  smoke  is  the  dense  black  or  dense  gray  smoke  which 
Is  pirohlbltea  within  the  meaning  of  this  ordinance,  the  chief  smoke  inspector 
sfaall  make  complaint  to  the  persons  so  offending,  defining  the  offense.  In  the 
tbat  the  cause  thereof  is  unskillful  stoking,  he  shall  cause  one  of  his 
to  give  proper  instructions  to  correct  same  and  he  shall  make  imme- 
diate complaint  to  the  director  of  the  department  of  public  health  against  any 
aad  all  saeli  persons  violating  this  ordinance.  In  the  event  that  said  offense 
Is  lywing  to  fbe  faulty  construction  of  the  furnace,  size  or  height  of  stack  con- 
QeetlooB,  0r  other  engineering  details  relating  to  boiler  or  other  furnace  con- 
stroetlon  or  connection,  he  shall  make  statement  of  the  cause  of  such  offense 
and  report  to  the  owners  or  operators  as  to  the  necessary  changes,  alterations, 
or  aflflitions  to  be  made;  and  in  such  case  such  time  for  such  alterations  or 
repairs  In  no  instance  shall  exceed  six  (6)  months.  In  the  event  that  It  should 
appear  from  the  Inspection  of  the  chief  smoke  Inspector  that  no  change  or 
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alteration  of  the  furnace,  furnace  connections,  stack,  or  appurtenances  thereto 
would  eradicate  said  offense,  and  that  said  offense  Is  owing  to  a  plant  being 
worked  to  excess  of  its  normal  capacity*  or  for  other  organic  reason  can  not  be 
converted  by  such  changes  Into  a  plant  which  Is  not  an  offender  within  the 
meaning  of  this  ordinance,  then  he  shall  report  to  the  owners  or  operators  as 
above  mentioned  the  conditions  of  such  plant  and  the  required  changes  or 
additions  necessary  therein,  so  that  it  may  not  be  operated  as  an  offender. 
Not  more  than  nine  (9)  months  shall  be  allowed  in  which  to  complete  such 
changes.  Notices  as  above  shall  be  in  writing,  and  at  the  expiration  of  the 
time  allowance  the  chief  smoke  Inspector  shall  investigate  and  make  report  to 
the  director  of  the  department  of  public  health  as  to  the  condition  of  the 
plant,  who,  in  the  event  it  is  maintained  as  an  offender  against  the  provisions 
of  this  ordinance,  may  cause  suit  to  be  entered,  as  provided  by  law,  against 
any  and  all  persons  in  charge  who  are  violating  this  ordinance. 

Sec.  6.  All  accidents  to  furnaces  or  smoke-preventing  devices  in  use,  excepting 
In  private  residences,  mill-heating  furnaces,  and  puddling  furnaces^  shall  be 
reported  within  seventy-two  (72)  hours  to  the  chief  smoke  Inspector,  giving 
the  nature  of  the  accident  and  the  time  required  to  repair  the  same.  Failure 
to  make  such  report  shall  constitute  a  violation  of  this  ordinance. 

Sec.  7.  During  the  first  hour  in  which  a  new  fire  is  being  kindled  in  or  under 
a  cold  boiler  or  other  furnace,  excepting  in  private  residences,  mlU-heating  fur^ 
naces,  and  puddling  furnaces,  sixty  (60)  minutes  once  a  day  for  the  first  year, 
forty-five  (45)  minutes  once  a  day  for  the  second  year,  and  thirty  (30)  minutes 
once  a  day  for  the  third  year,  and  each  and  every  year  thereafter  of  dense  black 
or  dense  gray  smoke  issuing  from  the  stack  or  chimney  thereof  will  not  be  a 
violation  of  this  ordinance;  but  during  each  succeeding  hour  that  such  boiler 
or  other  furnace  Is  in  service  more  than  eight  (8)  minutes  of  dense  black  or 
dense  gray  smoke  Issuing  from  the  chimney  or  stack  thereof  In  any  one  hour 
shall  be,  and  the  same  Is,  a  violation  of  this  ordinance. 

Seo.  8.  As  an  official  chart  to  be  used  by  smoke  Inspectors  for  determining 
the  density  of  smoke  in  the  city  of  Pittsburgh,  Blngelmann's  smoke  scale,  as 
supplied  by  the  United  States  Geological  Survey,  shall  be  used.  The  third 
shade  in  density  on  said  scale  shall  be  known  as  dense  gray,  and  the  fourth 
shade  in  density  shall  be  known  as  dense  blaclc 

Sec.  9.  The  owner  or  ow;Qers,  the  officers,  managers,  or  agoits  of  any  cor- 
poration owning,  leasing,  or  occupying,  and  any  person  operating  or  having 
charge  or  controlling  any  furnace,  boiler,  heating,  or  power  or  manufacturing 
plant,  any  locomotive,  portable  engine  or  boiler,  street  roller,  motor  vehicle 
self-propelled  on  a  public  street,  steamboat,  stationary  engine  or  boiler,  or 
any  building  or  structure  of  any  description  emitting  dense  black  or  dense  gray 
smoke,  or  by  or  from  which  dense  black  or  dense  gray  smoke  is  emitted,  except 
in  the  cases  exempt  under  the  terms  of  this  ordinance  and  except  for  the  times 
hereinbefore  specified  in  sections  1,  2,  and  7,  shall  be  deemed  guilty  of  violating 
the  provisions  of  this  ordinance,  and  upon  conviction  thereof  before  any  alder- 
man or  police  magistrate  he  or  they  or  any  other  person  being  convicted  of  vio- 
lating any  of  the  provisions  of  this  ordinance  before  any  alderman  or  police 
magistrate  shall  be  fined  not  less  than  ten  <$10)  dollars  nor  more  than  one 
hundred  ($1<X))  dollars,  and  in  default  of  the  payment  of  said  fine  and  costs 
shall  be  committed  to  the  Allegheny  C!k)unty  Workhouse  for  a  poriod  not 
exceeding  thirty  (30)  days  for  each  offense,  and  each  day  in  which  such  smoke 
shall  be  so  emitted  shall  constitute  a  separate  and  distinct  offense. 

Sec.  10.  That  any  ordinance  or  part  of  ordinance  confiicting  with  the  provi- 
sions of  this  ordinance  be,  and  the  same  is  hejreby,  r^>ealed  so  far  as  the  same 
affects  this  ordinance. 
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The  Des  Moines  ordinance  is  presented  as  an  example  of  an  ordi- 
nance drawn  for  a  relatively  small  city  in  which  high-volatile  coals 
are  burned  almost  exclusively.    It  reads  as  follows: 

Be  it  ordained  by  the  city  councU  of  the  city  of  Des  Moinea: 

Section  1.  The  emission  ot  dense  smoke  from  the  smokestack  of  any  loco- 
motive or  engine,  or  from  the  smokestack  of  any  stationary  engine,  or  from 
the  smokestaclk,  chimney,  or  fireplace  of  any  building  or  plant  anywhere  within 
the  city  of  Des  Moines  shall  be  deemed,  and  is  hereby  declared,  to  be  a  public 
nnisance  and  Is  hereby  prohibited  except  as  hereinafter  provided. 

Sec.  2.  The  owner  or  owners  of  any  locomotive  engine  and  the  general 
manager,  superintendent,  yardmaster,  or  other  officer  of  any  railroad  company 
having  charge  or  control  of  the  operation  of  any  locomotive  engine  who  shall 
cause,  permit,  or  allow  dense  smoke  to  issue  or  be  emitted  from  the  smoke- 
suick  of  any  such  locomotive  engine  within  the  city  of  Des  Moines,  except  as 
hereinafter  provided,  shall  be  deemed  and  held  guilty  of  creating  a  public 
nuisance  and  of  violating  the  provisions  of  this  ordinance. 

Sec.  3.  The  owner,  lessee,  or  occupant  of  any  building  or  plant  and  the  fire- 
man, engineer,  or  any  other  person  having  charge  or  control  of  any  furnace, 
fireplace,  or  stationary  engine  who  shall  cause,  permit,  or  allow  dense  smoke 
to  issue  or  be  emitted  from  the  smokestack,  fireplace,  or  chimney  of  an>  such 
building  or  plant,  or  from  the  smokestack,  fireplace,  or  chimney  connected 
with  any  such  plant,  furnace,  or  stationary  engine  within  the  city  of  Des 
Moines,  except  as  hereinafter  provided,  shall  be  deemed  and  held  guilty  of 
creating  a  public  nuisance  and  of  violating  the  provisions  of  this  ordinance. 

Sec.  4.  There  is  hereby  established  as  a  part  of  the  department  of  public 
f^afety  a  department  of  smoke  Inspection,  the  head  of  which  shall  be  Imown  as 
the  smoke  inspector. 

Sec.  5.  The  smoke  inspector  shaU  be  appointed  by  the  city  council,  and  the 
person  so  appointed  shall  be  qualified  by  training  and  experience  in  the  theory 
and  practice  of  the  construction  anft  operation  of  steam  boilers  and  furnaces 
in  their  relation  to  smoke*  abatement  and  the  prevention  of  the  emission  of 
dense  smoke  therefrom.  He  shall,  before  entering  upon  his  duties,  execute  a 
bond  with  the  city  of  Des  Moines  in  the  sum  of  $1,000,  the  sureties  to  be 
approved  by  the  city  council,  conditioned  upon  the  faithful  performance  of  the 
duties  of  the  office.    His  salary  shall  be  fixed  by  the  city  council. 

Sec.  6.  The  city  council  shall  appoint  a  smoke-abatement  commission,  com- 
posed of  five  members,  who  shall  act  as  advisors  to  the  smoke  inspector  in  the 
conduct  of  the  department  The  smoke  inspector  shall  at  all  times  receive^ 
place,  and  keep  on  file  in  his  office  all  suggestions,  recommendations,  advice, 
and  other  communications  which  may  be  presented  to  him  in  writing  by  the 
smoke-abatement  commission. 

Sec.  7.  No  new  plants  or  any  reconstruction  of  old  plants  for  producing  power 
and  heat,  or  either  of  them,  either  for  sale  or  manufacturing  purposes,  or  any 
new  chimney,  furnace,  oi;  fireplace  connected  with  such  plant  or  any  steam 
plant  shall  be  erected  or  maintained  in  the  city  until  plans  and  specifications 
of  the  same  have  been  filed  in  the  office  of  and  approved  by  the  smoke  inspector, 
and  a  permit  issued  by  him  for  such  erection,  reconstruction,  or  maintenance: 
Provided,  That  in  case  of  controversy  as  to  the  sufficiency  of  such  plans  and 
epecificatlons  and  the  provisions  made  therein  for  fuel  combustion  said  plans 
and  specifications  shall  be  submitted  to  the  smoke-abatement  commission,  one 
of  whom  shall  have  had  experience  in  the  installation  and  conduct  of  power 
and  heating  plants.  The  decision  of  said  board  shall  be  binding  upon  all 
parties.    Such  plans  and  specifications  shall  show  the  amount  of  work  and  the 
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amount  of  heatings  to  be  done  by  such  plant  and  all  appurtenances  thereto, 
including  all  provisions  made  for  the  purpose  of  securing  complete  combustion 
of  the  fuel  to  be  used  and  for  the  purpose  of  preventiijg  smoke  and  shall  also 
contain  a  statement  of  the  kind,  of  fuel  proposed  to  be  used.  Upon  the  approval 
of  such  plans  and  fi9>eclfications,  a  duplicate  set  of  which  shall  be  left  on  file, 
and  upon  the  payment  of  the  fees  as  hereinafter  provided  the  smoke  Uispeetor 
shall  issue  a  permit  for  the  reconstruction,  erection,  or  maintenance  of  such 
plant  As  soon  as  the  smoke  inspector  has  examined  the  plans  and  specifica- 
tions submitted  and  has  issued  a  permit  as  above  provided,  it. shall  be  the  duty 
of  the  Inspector  to  see  that  the  execution  of  the  work  permitted  is  carried  out 
in  conformity  with  the  plans  and  specifications  with  special  reference  to  the 
amount  of  space  used,  and  size  and  construction  of  chimneys  used,'  and  the 
provisions  for  the  prevention  of  smoke. 

,  Sbc.  8.  It  shall  be  unlawful  for  any  person  to  use  any  new  or  reconstructed 
plant  for  the  production  and  generation  of  heat  and  power,  or  either  of  them, 
either  for  sale  or  manufacturing  purposes,  until  he  shall  have  first  procured  a 
certificate  from  the  smoke  inspector  that  the  plant  Is  so  constructed  that  it 
will  do  the  work  required',  and  that  It  can  be  so  managed  that  no  dense  smoke 
shall  be  emitted  from  the  chimney  connected  with  the  furnace  or  firebox,  exc^;»t 
as  permitted  in  this  ordinance. 

Sec.  9.  No  owner  shall  alter  or  repair  any  chimney,  fireplace,  or  any  old  fur- 
nace or  device,  which  alteration,  change,  or  installation  shall  affect  the  method 
or  efficiency  of  preventing  smoke,  without  first  submitting  plans  and  specifica- 
tions to  the  smoke  Inspector  and  securing  a  permit  therefor.  In  case  of  con- 
troversy the  plans  and  specifications  herein  required  shall  be  submitted  to  the 
smok^abatement  commission  as  provided  in  section  7  hereof:  Provided,  how^ 
ever.  That  minor  necessary  or  emergency  repairs  which  do  not  Increase  the 
capacity  of  such  plant  or  which  do  not  involve  any  substantial  alteration  in 
structure  and  which  do  not  involve  any  alteration  in  the  method  or  efficiency 
of  smoke  prevention  may  be  made  by  or  under  the  engineer  in  charge  of  said 
plant  without  a  permit  A  violation  of  this  section  shall  subject  the  guilty 
party  to  a  fine  of  not  to  exceed  $25  for  each  day  upen  which  he  shall  prosecute 
such  alterations,  change,  or  installation  without  a  permit,  and  each  day's  viola- 
tion shall  constitute  a  separate  offense. 

Sec.  10.  The  fees  for  the  inspection  of  plans  and  Issuing  of  permits  and  for 
the  inspection  of  plants  and  Issuing  of  certificates  shall  be  as  follows : 

For  Inspecting  plans  and  new  plants  and  plants  about  to  be  reconstructed,  $1.50. 

For  Inspecting  plans  for  repairs  and  alterations,  $1.50. 

For  examining  a  plant  after  its  erection  or  reconstruction  and  before  Its 
operation  and  maintenance,  $1.50. 

The  fee  paid  for  the  inspection  or  examination  shall  include  the  issuing  of  a 
permit  or  certificate  in  case  such  permit  or  certificate  Is  granted.  No  fees  shall 
be  charged  for  detached  residences. 

Sec.  11.  The  issuance  and  delivery  by  the  smoke  Inspector  of  a  permit  or 
certificate  for  the  construction  or  reconstruction  or  for  the  alteration  or  repair 
of  any  plant,  fireplace,  or  chimney  connected  with  the  plant  shall  not  be  held 
to  exempt  any  person  or  corporation  to  whom  any  such  permit  has  been  Issued 
or  delivered  or  who  is  in  possession  of  any  such  permit  from  prosecution  on 
account  of  the  emission  or  issuance  of  dense  smoke  contrary  to  the  provisi<Mi8 
of  this  ordinance. 

Sec.  12.  The  city  shall  provide  such  instruments,  books,  papers,  and  equip- 
ment as  shall  be  necessary  for  the  proper  performance  of  the  duties  of  the 
smoke  inspector,  and  he  shall  have  charge  of  such  instruments,  books»  papers, 
and  equipment,  and  shall  deliver  the  same  to  his  successor  in  office. 
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Sbo.  13b  The  smoke  inspector  shall  cause  to  be  kept  in  his  office  a  complete 
record  of  all  plans  submitted,  and  of  all  permits  issued,  and  of  all  examinations 
of  plants  made,  and  also  all  certificates  issued.  He  shall  make  a  report  of  the 
work  of  his  department  to  the  city  council  annually,  on  or  before  the  1st  day 
of  April,  and  at  other  times  as  often  as  required  by  the  city  council. 

8e&  14.  If  any  smoke  inspector  acting  on  behalf  of  the  city  under  the  provi- 
dons  of  this  chapter  shall  take  or  receive  any  money  or  any  valuable  thing  or 
favor  for  the  purpose  of  favoring  any  person  or  persons,  or  if  any  inspector 
shall  recommend  the  issue  of  any  certificate  of  inspection  without  having  at  the 
time  stated  thoroughly  examined  and  tested  the  furnace,  device,  or  apparatus 
80  certified,  he  shall  be  subject  to  a  fine  of  $100  for  each  offense,  and  it  shall 
be  the  duty  of  the  council  to  promptly  suspend  from  office  any  smoke  inspector 
against  whom  a  charge  of  this  kind  is  made,  and  upon  conviction  to  promptly 
remove  said  inspector  from  office. 

Sec  15.  For  the  purposes  of  this  ordinance  "  chart,"  when  used,  means  Rlngel- 
mann's  smoke  chart,  as  published  and  used  by  the  United  States  Geological 
Survey. 

"Stack"  means  any  chimney,  smokestack,  or  other  structure,  whether  of 
brick,  metal,  or  other  material,  intended  for  the  emission  of  smoke.  Smoke- 
Jacks  on  locomotive  roundhouses  shall  be  deemed  stacks  and  a  part  of  the  loco- 
motive beneath  them  for  the  time  being. 

Sec.  16w  The  emission  of  dense  smoke  of  a  degree  of  density  of  No.  3  of  the 
chart  or  greater  for  more  than  6  minutes  in  any  one  hour  from  any  stack* 
chimn^,  smokestack,  or  other  structure  for  the  purpose  of  emitting  smoke, 
except  as  hereinafter  provided,  is  hereby  prohibited:  Provided,  however.  That 
until  January  1, 1913,  smoke  of  a  degree  of  darkness  or  density  equal  to  No.  3 
of  the  chart  or  greater  may  be  emitted  for  not  more  than  8  minutes  in  any 
one  hour :  Provided  further,  That  In  the  case  of  locomotive  engines  the  emission 
of  dense  smoke  of  a  degree  of  density  of  No.  3  of  the  chart  or  greater  for  more 
than  40  seconds  in  any  one  period  of  5  minutes  is  prohibited  after  the  Ist 
of  January,  1913,  and  until  the  Ist  of  January,  1913,  smoke  of  the  degree  of 
density  No.  3  of  the  chart  or  greater  Is  prohibited  for  more  than  1  minute 
in  any  period  of  5  minutes:  Provided,  further.  That  the  stacks  of  locomotives 
moving  trains  of  six  cars  or  more  may  be  permitted  to  emit  smoke  in  any  5- 
minute  period  for  20  seconds  in  excess  of  that  already  provided  for  In  this  act, 
and  that  stacks  of  locomotives  in  and  about  roundhouses  may  emit  smoke  of  a 
degree  of  density  of  No.  3  of  the  chart  or  greater  for  60  minutes  during  the 
period  when  the  fire  is  being  built  or  rebuilt  after  cleaning  the  boiler.  The 
number  of  minutes  or  seconds  during  which  the  smoke  may  be  emitted  in  any 
period  as  provided  in  this  section  shall  be  deemed  to  mean  the  aggregate  num- 
ber of  minutes  or  seconds,  and  such  minutes  or  seconds  need  not  be  consecutive. 

Sea  17.  The  council  may  by  resolution  divide  the  city  into  districts  and  may 
except  from  the  provisions  of  this  ordinance  chimneys  emitting  smoke  from 
brick  and  tile  kilns  or  other  plants  within  districts  outside  of  the  central  part 
of  the  city.  / 

Sec.  18.  It  shall  be  the  duty  of  the  smoke  inspector  to  enforce  the  provisions 
of  this  ordinance,  to  investigate  all  complaints  made  with  reference  to  any 
violations  thereof.  Upon  the  filing  with  said  inspector  of  a  complaint  it  shall 
be  his  doty  to  proceed  at  once,  either  by  himself  or  his  assistants,  to  take 
observations  of  the  stacks  or  chimneys  complained  of,  testing  the  density  of  the 
smoke  by  the  chart  hereinbefore  referred  to,  and  it  shall  be  his  duty  to  keep 
a  record  of  all  such  observations,  which  observations  and  records  shall  be  open 
to  public  Inspection  at  reasonable  times  and  under  reasonable  regulations.    It 
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sliall  be  the  inspector's  duty  to  prosecnte  all  persons  violating  the  provisions 
of  this  ordinance  regulating  the  emission  of  dense  smoke,  and  in  all  cases 
where  the  punishmoit  by  fine  fails  to  abate  the  nuisance  be  shall  canse  to  be 
brought  in  the  district  court  in  and  for  Polk  County  an  action  for  the  abate- 
ment thereof.  All  such  prosecutions  riiall  be  in  th^  name  of  the  city  of 
Des  Moines. 

Sec.  19.  Temporary  permits  for  the  emission  of  smoke  covering  periods  not 
exceeding  six  months  from  July  1,  1911,  may  be  granted  by  the  council  to  any 
person  duly  applying  for  the  same  and  satisfying  the  council  that  he  will  make 
changes  or  improvements  to  prevent  the  emission  of  smoke  in  violation  of  the 
provisions  hereof,  but  .after  July  1,  1912,  no  further  permits  shall  be  granted 
unless  the  council  is  satisfied  that  public  conveni^ice  requires  it,  and  permits  so 
granted  shall  be  for  a  period  not  exceeding  six  months. 

Sec.  20.  On  and  after  the  passage  of  this  ordinance  and  until  the  10th  day 
of  April,  1912,  all  of  the  duties  herein  enjoined  upon  the  smoke  Inspector  shall 
be  performed  by  the  x)erson  filling  the  office  of  fire  marshal. 

Sec.  21.  Any  person  or  corporation  who  shall  violate  any  of  the  provisions  of 
this  ordinance,  except  as  herein  otherwise  provided,  shall  be  fined  not  less 
than  |10  nor  more  than  $100  for  each  offense. 

Skc.  22.  This  ordinance  being  deemed  urgent  and  necessary  for  the  public 
ptoce,  health,  and  safety,  shall  be  in  full  force  and  effect  from  and  after  its 
passage  and  publication  as  provided  by  law. 

Signed  September  6,  19il. 

Jas.  R.  Hanna,  Mayor. 

The  present  ordinance  of  the  city  of  Milwaukee  is  presented  below : 

The  common  council  of  the  city  of  Milwaukee  do  ordain  as  follows : 
Section  1.  Chapter  21  of  the  general  ordinances  of  the  city  of  Milwaukee, 
passed  May  28, 1906,  Is  hereby  amended  to  read  as  follows : 

'*  Section  1.  There  is  hereby  created  a  new  office  for  the  city  of  Milwaukee 
which  shall  be  known  as  the  office  of  smoke  inspector,  and  the  person  occupying 
that  office  at  any  and  all  times  shall  be  known  by  the  title  of  smoke  inspector. 
Such  Inspector  shall  be  appointed  by  the  mayor,  subject  to  confirmation  by  the 
common  council,  and  shall  hold  office  for  the  term  of  four  years,  provided  that 
the  mayor  may  suspend  said  Inspector  for  cause,  and  when  so  suspended  shall 
cease  to  exercise  the  functions  of  his  office  until  he  shall  be  reinstated.  Pending 
the  period  of  suspension,  the  duties  of  the  office  shall  be  performed  by  the 
deputy  smoke  inspector  oldest  in  the  service.  In  case  of  such  suspension,  the 
mayor  shall  at  once  communicate  to  the  common  council  the  charges  against 
the  inspector,  and  the  president  of  the  council  shall  thereupon  appoint  a  com- 
mittee of  five  m^nbers  of  the  council  to  consider  and  examine  the  same,  giving 
the  inspector  an  opportuntiy  to  be  heard.  Said  committee  shall  report  to  the 
council  as  soon  as  may  be  its  findings  and  recommendations.  If  the  charges 
shall  not  be  sustained  by  the  council  the  inspector  shall  be  immediately  rein- 
stated. If  the  council  shall  determine  that  the  charges  are  sustained  they  shall 
at  once  determine  whether  the  good  of  the  city  requires  that  the  suspended 
inspector  shall  be  removed  from  office  or  shall  be  suspended  from  office  without 
pay  for  a  fixed  period.  The  council  shall  communicate  their  decision  to  the 
mayor  in  writing,  who  shall  thereupon  make  it  public.  The  present  incumbent 
of  the  existing  office  of  smoke  inspector  shall  be  considered  appointed  as  smoke 
inspector  under  this  ordinanca 
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"  No  person  shall  be  eligible  to  said  office  unless  he  is  by  trade  or  profession 
a  steam  or  mechanical  engineer  with  an  active  practical  experience  of  at  least 
five  years  in  working  at  said  trade  or  profession.  Before  entering  upon  the 
duties  of  his  office  the  inspector  shall  take  the  oath  of  office  prescribed  by  the 
charter.  It  shall  be  the  duty  of  the  smoke  inspector  to  see  that  the  provisions 
of  this  ordinance  and  all  ordinances  supplemental  to  or  amendatory  thereof  and 
the  laws  of  the  State  of  Wisconsin  relating  to  the  suppression  of  smoke  shall 
be  enforced.  He  shall  keep  a  full  and  complete  record  of  all  the  transactions 
of  his  office,  which  shall  at  all  reasonable  times  be  open  to  public  inspection. 
He  shall  be  provided  with  an  office  in  the  city  hall. 

**  Sec.  2.  The  salary  of  the  smoke  inspector  shall  be  $2,000  per  annum,  payable 
hi  equal  monthly  installments  at  the  Sfime  time  and  in  the  same  manner  that  the 
salaries  of  other  city  officials  are  paid. 

"  Sea  3.  The  said  inspector  is  authorized  to  employ  one  clerk,  to  be  selected 
from  the  civil-service  list  of  the  city,  and  the  clerk  shall  attend  to  such  duties 
as  the  inspector  shall  direct.  The  salary  of  said  clerk  shall  be  seventy-five  dol- 
lars ($75)  per  month,  to  be  paid  monthly  from  the  city  treasury  in  the  same 
manno'  that  the  salaries  of  other  city  employees  are  paid. 

**  Sza  4.  The  smoke  inspector  is  authorised  to  employ  two  deputy  smoke  in- 
epedoTS,  to  be  selected  from  the  civil-service  list  of  the  city,  and  the  deputy 
smoke  inspectors  shall  attend  to  such  duties  as  the  inspector  shall  direct.  The 
salary  of  each  deputy  inspector  shall  be  one  hundred  dollars  ($100)  per  month, 
to  be  paid  monthly  from  the  city  treasury  in  the  same  manner  that  the  salaries 
of  other  city  employees  are  paid.  The  deputy  inspectors  may  be  discharged  by 
the  inspector  for  cause. 

"  Sec.  5^  The  smoke  inspector  shall  forward  to  the  comptroller  on  or  before 
the  1st  day  of  November  of  each  year  an  estimate  of  the  needs  of  his  office. 

"  Sec.  6.  To  emit  or  cause  or  permit  to  be  emitted  into  the  open  air  within  the 
corporate  limits  of  the  city  of  Milwaukee,  or  within  1  mile  therefrom,  any 
dense  smoke  shall  be,  and  is  hereby  declared  to  be,  a  nuisance,  and  the  same  is 
hereby  prohibited:  Provided,  That  nothing  herein  contained  shall  prohibit  the 
emission  of  dense  smoke  not  to  exceed  five  minutes  in  any  one  hour  of  the  day 
or  night. 

"The  owner  or  owners  of  any  boat,  stationary  or  locomotive  engine,  engine 
used  in  dredging  or  driving  piles,  portable  boiler  or  furnace  or  tar  kettle,  and 
any  officer,  manager,  or  agent  of  any  corporation  owning  any  boat,  stationary 
or  locomotive  engine,  engine  used  in  dredging  or  driving  piles;  portable  boiler 
or  furnace  or  tar  kettle,  and  the  owner,  lessee,  or  occupant  of  any  building,  and 
any  officer,  manager,  or  agent  of  any  corporation  or  company  owning,  leasing, 
or  occupying  any  building  from  which  dense  smoke  is  permitted  or  allowed  to 
issue  or  to  be  emitted  within  the  cori)orate  limits  of  the  city  of  Milwaukee,  or 
within  1  mile  therefrom,  shall  for  every  such  first  offense  be  punished  by  a 
fine  of  not  less  than  twenty-five  dollars  ($25)  nor  more  than  one  hundred  dol- 
lars ($100),  and  In  default  of  payment  by  imprisonment  in  the  house  of  correc- 
tion of  Milwaukee  County  for  a  term  not  to  exceed  sixty  (60)  days;  for  a 
second  offense  by  a  fine  of  not  less  than  fifty  dollars  ($50)  nor  more  than  one 
hundred  dollars  ($100),  and  in  default  of  payment  by  imprisonment  for  a  term 
not  to  exceed  sixty  (00)  days;  for  a  third  and  every  subsequent  offense  by  a 
fine  of  not  less  than  one  hundred  dollars  ($100)  nor  more  than  two  hundred 
dollars  ($200),  and  in  default  of  payment  by  imprisonment  for  a  term  not  to 
exceed  six  (6)  month& 
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'^  Ssa  7.  The  smoke  inspector  shall  have  the  right  to  enter  in  the  performance 
of  his  duties  at  all  reasonable  hours  all  premises  where  any  dense  smoke  is 
emitted  or  where  any  such  boiler  or  engine  is  located. 

"  Ssa  8.  Before  any  i)erson  or  persons,  firm  or  member  of  any  firm  or  corpora- 
tion, or  any  officer  of  any  corporation,  shall  construct  or  alter  any  stationary 
steam  plant,  boiler,  or  furnace  within  the  corporate  limits  of  the  city  of  Mil- 
waukee, he  or  they  shall  make  application  at  the  office  of  the  smoke  inspector 
for  a  permit  for  that  purpose,  and  shall  furnish  a  written  statement,  giving  the 
style  and  dimensions  of  such  steam  plant,  boiler,  or  furnace,  together  with  the 
height  and  size  of  stack  or  chimney  and  the  method  or  device  to  be  adopted  for 
the  prevention  of  the  emission  of  dense  smoke  therefrom;  and  if  the  matters 
mentioned  in  said  application  and  statement  be  approved  by  said  inspector,  he 
shall  issue  a  permit  for  the  construction  of  such  steam  plant,  boiler,  or  furnace. 
Any  person  or  persons,  firm  or  member  of  any  firm  or  corporation,  or  any  officer 
of  any  corporation  who  proceeds  in  such  construction  or  alteration  without  said 
permit  shall  be  deemed  guilty  of  a  violation  of  this  ordinance,  and  shall  be 
subject  to  such  peialties  as  are  provided  in  section  6  of  this  chapter. 

**  Sec.  9.  All  accidents  to  stationary  steam  boilers,  furnaces,  or  smoke-prevent- 
ing devices  sliall  be  reported  to  the  smoke  inspector  in  writing,  giving  the  nature 
of  the  accident  and  the  time  required  to  repair  the  same." 

Seo.  10.  All  ordinances  or  imrts  thereof  contravening  or  conflicting  with  the 
provisions  of  this  ordinance  are  hereby  repealed. 

Sec.  11.  This  ordinance  shall  take  effect  and  be  in  force  from  and  after  its 
passage  and  publication. 

Approved,  October  12,  1911. 

Emil  Seidel,  Mayor, 

The  Los  Angeles  ordinance  is  presented  because  it  was  adopted  by 
a  city  in  which  oil  is  the  principal  fuel. 

The  mayor  and  council  of  the  city  of  Los  Angeles  do  ordain  as  follows : 

Section  1.  That  for  the  purpose  of  regulating  the  discharge  of  smoke  from 
flues,  chimneys,  or  smokestacks,  or  from  any  other  structures  or  appliances 
from  which  smoke  is  discharged,  and  for  the  purpose  of  determining  by  a  com- 
parison the  degree  of  darkness  of  smoke  so  discharged,  a  color  scale  for  the 
measurement  thereof  is  hereby  adopted,  as  follows : 

A  white  card  not  less  than  5  by  8  inches  in  size  shall  be  marked  with  black 
lines  crossing  each  other  at  right  angles.  Each  such  line  shall  be  1  millimeter 
in  width  and  such  lines  shall  be  so  placed  that  white  spaces  9  millimeters  square 
shall  remain  between  such  lines.  When  a  test  is  being  made  such  card  shall  be 
placed  at  a  distance  of  not  more  than  55  feet  and  not  less  than  45  feet  from  the 
observer  and  as  nearly  in  line  as  possible  between  the  eyes  of  the  observer  and 
the  smoke  concerning  which  the  test  is  being  made. 

Sec.  2.  It  shall  be  unlawful  for  any  person,  flrm,  or  corporation  to  cause, 
permit,  or  allow  any  smoke  of  a  greater  degree  of  darkness  than  the  card  de- 
scribed in  section  1  hereof  when  such  card  is  placed  at  the  said  distance  from 
the  person  observing  such  smoke,  to  issue  or  to  be  discharged  from  any  flue, 
chimney,  or  smokestack,  or  from  any  other  structure  or  appliance  used  for  the 
discharge  of  smoke,  or  from  which  smoke  is  discharged,  or  from  any  works, 
plant,  or  factory,  for  a  period  longer  than  or  for  periods  aggregating  more  than 
flve  minutes  in  any  one  hour  of  the  day  or  night 

For  the  puri)oses  of  this  section  a  works,  plant,  or  factory  shall  be  deemed 
to  include  all  buUdings  and  appliances,  and  all  flues,  chimneys,  and  smokestacks 
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OHmected  therewith,  and  all  structures  and  appliances  from  which  smoke  is 
diflcfaarged,  located  upon  any  parcel  of  land  which  is  held,  used,  or  occupied 
in  one  body,  whether  the  same  contains  one  or  more  lots  or  tracts  of  land,  if 
such  bnUdings,  structures,  and  appliances,  and  such  flues,  chimneys,  and  smoke- 
stacks are  owned  or  used,  or  are  intended  to  be  used  by  the  same  person,  firm, 
or  corporation  in  or  about  the  conduct  of  any  business  or  occupation. 

Sec.  3w  It  shall  be  unlawful  for  any  person,  firm,  or  corporation  to  cause,  per- 
mit, or  allow  soot,  ashes,  or  cinders  to  issue  or  to  be  discharged  from  any  flue, 
cbimney,  or  smokestack,  or  from  any  other  structure  or  appliance. 

Ssa  4L  If  any  flue,  chimney,  smokestack,  or  other  structure  or  appliance  shall 
b«!ome  so  filled  with  soot  as  to  become  a  menace  to  adjac^it  property,  it  shall 
be  the  duty  of  the  person,  firm,  or  corporation  owning  or  using  such  flue,  chim- 
ney, smokestack,  or  other  structure  or  appliance  to  cause  the  same  to  be 
thoroughly  cleaned,  and  it  shall  be  unlawful  for  any  such  person,  firm,  or  cor- 
poration to  fail,  refuse,  or  neglect  so  to  do.  Each  such  i)er8on,  flrm,  or  corpo- 
ration shall  be  deemed  guilty  of  a  s^;)arate  offense  for  every  day  during  which 
such  failure,  refusal,  or  neglect  continues  and  shall  be  punishable  therefor  as 
prorided  by  this  ordinance. 

Sic.  5.  It  shall  be  unlawful  for  any  person,  flrm,  or  corporation  to  erect,  con- 
struct, or  maintain,  or  to  cause  or  permit  to  be  erected,  constructed,  or  main- 
tained any  flue,  chimney,  or  smokestack  within  60  feet  of  any  window  of  any 
adjacent  building  unless  the  top  of  such  flue,  chimney,  or  smokestack  shall  be 
higher  than  every  portion  of  such  window :  Provided,  however,  That  the  pro- 
visions of  this  section  shall  not  apply  in  any  case  where  the  owner  of  such 
adjacent  building  shall  refuse  to  grant  permission  to  brace  such  flue,  chimney, 
or  smokestack  by  means  of  wires  attached  to  such  building. 

Sec.  6.  All  officers  and  inspectors  of  the  health  department  of  the  city  of  Los 
Angeles  are  hereby  authorized  to  enter,  during  reasonable  hours,  upon  any 
premises  upon  which  is  located  any  flue,  chimney,  or  smokestack,  or  any  other 
structure  or  appliance,  from  which  any  smoke,  soot,  ashes,  or  cinders  shall  be 
discharged,  for  the  purpose  of  making  an  examination  as  to  the  cause  of  the 
discharge  of  such  smoke,  soot,  aahes^  or  cinders,  and  for  the  purpose  of  ascer- 
taining the  kind  or  character  of  fuel  used,  and  the  manner  of  using  the  same^ 
and  any  other  fact  or  facts  showing  compliance  with  or  violation  of  this  ordi- 
nance. Such  oflOcers  and  Inspectors  shall  at  least  twice  each  month  make  a 
detailed  report  to  the  board  of  health  of  each  such  examination,  which  report 
shall  show  all  facts  ascertained  by  such  examination. 

Htc  7.  That  any  person,  flrm,  or  corporation  violating  any  of  the  provisions 
of  this  ordinance  shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction 
thereof  shall  be  punishable  by  a  flue  of  not  more  than  two  hundred  dollars 
($200)  or  by  imprisonment  in  the  city  Jail  for  a  period  of  not  more  than  one 
hundred  (100)  days,  or  by  botii  such  flne  and  imprisonment. 

Sec.  8.  That  ordinance  No.  15597  (new  series),  entitled  *'An  ordinance  regu- 
lating the  discharge  of  smoke  from  flues,  chimneys,  smokestacks,  or  other  struc^ 
tures  or  appliances  from  which  smoke  is  discharged,  in  the  city  of  Los  Angeles," 
approved  October  24,  1907,  and  ordinance  No.  10043  (new  series),  entitled  "An 
ordinance  regulating  the  discharge  of  soot,  ashes,  and  cinders  from  flues,  chim- 
neys^  smokestacks,  or  other  structures  or  appliances  in  the  city  of  Los  Angeles," 
approved  February  5,  1908,  and  all  ordinances  amendatory  thereto  or  thereof, 
and  an  other  ordinances  in  conflict  with  this  ordinance  be,  and  the  same  are 
hereby,  repealed. 

Approved  February  23,  1911. 

Geo.  Aucxandeb,  Moifor, 
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The  Massachusetts  act  providing  for  the  abatement  of  smoke  in 
the  city  of  Boston  and  vicinity  reads  as  follows : 

Be  it  enacted,  etc,  aa  follows: 

Section  1.  In  this  act,  unless  the  context  otherwise  requires — 

**  Board  **  means  the  board  of  gas  and  electric  light  commissioners — 

"  District "  means  the  district  to  which  the  provisions  of  this  act  shall  apply, 
to  wit,  that  part  of  Boston  harbor  lying  westerly  of  a  line  drawn  from  the 
southeastern  point  of  Deer  Island  to  the  northeastern  point  of  Lon^  Island 
and  the  territory  comprised  within  the  cities  of  Boston,  Cambridge,  Somer- 
ylUe,  Everett,  and  Chelsea,  and  the  town  of  Brookllna 

"Chart"  means  Ringelmann's  smoke  chart, 'as  published  and  used  by  the 
United  States  Geological  Burv^. 

**  Stack  '*  means  any  chimney,  smokestack,  or  other  structure,  whether  of 
brick,  metal,  or  other  material  Intended  for  the  emission  of  smoka  Smoke- 
Jacks  on  locomotive  roundhouses  shaU  be  deemed  stacks  and  a  part  of  the  loco- 
motive beneath  them  for  the  time  being. 

For  the  purposes  of  this  act  stacks  shall  be  classified  as  foUows : 

Class  I  includes  all  fixed  or  stationary  stacks  having  an  Inside  area  at  the 
top  not  exceeding  the  area  of  a  circle  5  feet  In  diameter. 

Class  II  Includes  all  fixed  or  stationary  stacks  having  an  Inside  area  at  the 
top  greater  than  the  area  of  a  circle  6  feet  in  diameter  but  not  exceeding  the 
area  of  a  circle  10  feet  in  diameter. 

Class  III  Includes  all  fixed  or  stationary  stacks  having  an  Inside  area  at  the 
top  greater  than  the  area  of  a  circle  10  feet  In  diameter. 

Class  IV  Includes  all  stacks  of  vessels  having  an  Inside  area  at  the  top  not 
exceeding  the  area  of  a  circle  4  feet  In  diameter. 

Class  y  Includes  all  stacks  of  vessels  having  an  Inside  area  at  the  top  greater 
than  the  area  of  a  circle  4  feet  in  diameter. 

Class  VI  Includes  all  stacks  on  steam  locomotives. 

Sec.  2.  The  emission  of  smoke  of  a  degree  of  darkness  or  density  equal  to 
No.  2  of  the  chart,  or  greater,  f6r  more  than  6  minutes  in  any  one  hour  tsom 
stacks  of  Class  I;  or  of  a  degree  equal  to  No.  3  of  the  chart,  or  greater,  for 
more  than  3  minutes  In  any  one  hour  fr<Mn  stacks  of  Class  II;  or  of  a 
degree  equal  to  No.  2  of  the  chart,  or  greater,  for  more  than  25  minutes  in 
any  one  hour,  but  not  exceeding  during  said  25  minutes  a  degree  equal  t<i 
No.  3  of  the  chart,  or  greater,  for  more  than  5  minutes  from  stacks  of 
Class  III ;  or  of  a  degree  equal  to  No.  3  of  the  chart,  or  greater,  for  more  than 
3  minutes  in  any  one  hour  from  stacks  of  Class  IV,  for  more  than  5 
minutes  In  any  one  hour  from  stacks  of  Class  V,  and  for  more  than  20  seconds 
In  any  one  period  of  5  minutes  from  stacks  of  Class  VI,  Is  hereby  prohibited. 

Provided,  hotoever.  That  during  the  calendar-^year  1910  smoke  of  a  decree 
of  darkness  or  density  equal  to  No.  3  of  the  chart,  or  greater,  may  be  emitted 
for  not  more  than  6  minutes  in  any  one  hour  from  stacks  of  Class  I;  and 
smoke  of  a  degree  equal  to  No.  4  of  the  chart,  or  greater,  for  not  more  than 
6  minutes  In  any  one  hour  from  stacks  of  Class  II,  and  for  not  more  than 
10  minutes  In  any  one  hour  from  stacks  of  Class  III,  and  for  not  more  than 
d  minutes  In  any  one  hour  from  stacks  of  Class  IV,  and  for  not  more  than 
12  minutes  In  any  one  hour  from  stacks  of  Class  V ;  and  of  a  degree  equal  to 
No.  8  of  the  chart,  or  greater,  for  not  more  than  40  seconds  in  any  one  period 
of  5  minutes  from  stacks  of  Class  VI;  and  during  the  calendar  year  1911 
smoke  of  a  degree  of  darkness  or  density  equal  to  No.  3  of  the  chart,  or  greater, 
may  be  emitted  for  not  more  than  4  minutes  In  any  one  hour  from  stacks 
of  Class  I,  and  for  not  more  than  10  minutes  In  any  one  hour  from  stacks  of 
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das  II ;  and  of  a  degree  equal  to  No.  3  of  the  chart,  or  greater,  for  not  more 
than  20  minutes  in  any  one  hour,  but  not  exceeding  during  said  20  minutes 
a  degree  equal  to  No.  4  of  the  chart,  or  greater,  for  more  than  6  minutes 
from  stacks  of  Glass  III ;  and  of  a  degree  equal  to  No.  3  of  the  chart,  or  greater, 
for  not  more  than  12  minutes  In  any  one  hour  from  stacks  of  Glass  IV,  and 
tor  not  more  than  15  minutes  in  any  one  hour  from  stacks  of  Glass  V,  and 
for  not  more  than  30  seconds  in  any  one  period  of  5  minutes  from  stacks  of 
Class  YI;  and  during  the  calendar  year  1912  smoke  of  a  degree  of  darkness 
or  density  equal  to  No.  2  of  the  chart,  or  greater,  may  be  emitted  for  not  more 
than  8  minutes  in  any  one  hour  from  stacks  of  Glass  I;  and  of  a  degree 
equal  to  No.  3  of  the  chart,  or  greater,  for  not  more  than  6  minutes  in  any 
one  hour  from  stacks  of  Glass  II ;  and  of  a  degree  equal  to  No.  2  of  the  chart, 
or  greater,  for  not  more  than  30  minutes  in  any  one  hour,  but  not  exceeding 
daring  said  30  minutes  a  degree  equal  to  No.  3  of  the  chart,  or  greater,  for  more 
than  10  minutes  from  stacks  of  Glass  III ;  and  of  a  degree  equtil  to  No.  3  of 
the  chart,  or  greater,  for  not  more  than  7  minutes  in  any  one  hour  from 
stacks  of  Glass  IV,  and  for  not  moife  than  9  minutes  in  any  one  hour  from 
stacks  of  Glass  V. 

And  provided  further.  That  Macks  of  locomotives,  moving  trains  of  6  cars 
or  more,  be  permitted  to  emit  smoke  in  any  6-minute  i)eriod  for  10  seconds 
in  excess  of  that  already  provided  for  in  this  act,  and  that  stacks  of  Glass  VI, 
in  and  about  roundhouses,  may  emit  smoke  for  30  minutes  during  the  period 
when  the  fire  is  being  built,  or  rebuilt  after  cleaning.  The  number  of  minutes 
or  seconds  during  which  smoke  may  be  emitfed  in  any  period  as  provided  in 
this  section  shall  be  deemed  to  mean  the  aggregate  number  of  minutes  or  sec- 
oodSk  and  such  minutes  or  seconds  need  not  be  consecutive 

TaMe  showing  the  density  of  smoke,  in  accordance  with  the  Ringclmatm  chart , 
which  may  &e  emitted  from  the  vaHous  daises  of  stacks  as  provided  in  sec- 
tion ft,  and  the  duration  of  such  emission.  ■ 
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Sec.  3.  The  board  shall  appoint  a  smoke  inspector  who  shall  not  engage  In 
any  other  business,  and  such  deputy  inspectors  as  it  may  think  proper,  who  shall 
be  sworn  to  the  faithful  performance  of  their  duties  and  shall  hold  office  during 
the  pleasure  of  the  board.  The  board  may  also  employ  such  clerks,  stenog- 
raphers, and  other  office  employees  as  it  may  deem  necessary,  and  may  expend 
for  necessary  office  rent,  books,  stationery,  travel,  and  other  expenses  inci- 
dental to  the  performance  of  the  duties  imposed  by  this  act,  such  sum  as  the 
legislature  shall  annually  appropriate.  The  compoisation  of  inspectors,  deputy 
inspectors,  and  all  other  employees  shall  be  fixed  by  the  board,  subject  to  the 
approval  of  the  governor  and  council.  All  salaries  and  other  expenses  provided 
for  by  this  act  shall  be  paid  by  the  Commonwealth,  which  shall  be  reimbursed 
as  hereinafter  provided. 

Seo.  4.  It  shall  be  the  duty  of  the  board  to  enforce  the  provisions  of  this  act, 
to  investigate  all  complaints  made  with  reference  to  any  violations  thereof, 
and  in  Its  discretion  to  order  any  person  or  corporation  complained  of  to  com- 
ply with  the  provisions  of  this  act,  and  to  enforce  such  orders  by  legal  pro- 
ceedings. The  board  shall  make  an  annual  report  to  the  general  court  of  its 
doings  with  such  recommendations  as  to  the  legislative  action  or  State  policy 
as  it  may  deem  advisable  The  board,  with  the  approval  of  the  governor  and 
council,  may  make  such  rules  and  regulations  as  it  deems  advisable  for  its  own 
government,  for  the  government  of  its  employees  and  assistants,  for  the  obser- 
vation of  smoke  by  the  inspector  or  his  duly  authoriaed  agents  at  reasonable 
intervals,  and  for  keeping  proper  records  of  all  observations.  Such  observa- 
tions and  records  shall  be  op^i  to  public  inspection  at  reasonable  times  and. 
under  reasonable  regulations. 

Seo.  5.  It  shall  be  the  duty  of  the  smoke  inspector,  by  himself  and  his  assis- 
tants, to  assist  the  board  in  the  performance  of  its  duties,  in  such  manner  as 
the  board  shall  direct,  to  investigate  complaints  as  to  violations  of  this  act,  to 
collect  evidence  in  regard  to  the  same  and  present  such  evidence  to  the  board 
for  action. 

Sec.  6.  The  board  shall  have  power,  after  notice  and  a  hearing,  to  order  any 
person  or  corporation  having  control  of  the  operation  of  the  stack,  other  than 
an  employee,  to  stop  or  abate  the  emission  of  smoke  in  violation  of  this  act. 
Such  notice  shall  be  In  writing  and  may  be  served  personally  upon  such  person 
or  corporation,  or  duly  authorized  agent  by  any  person  authorized  by  the  board 
to  make  such  service,  and  in  the  manner  provided  by  the  laws  of  the  Common- 
wealth for  the  service  of  writs  returnable  to  the  superior  court.  Such  notice 
shall  be  served  at  least  48  hours  before  the  time  fixed  for  the  hearing, 
and  a  copy  of  the  order  or  decree  of  the  board  shall  in  like  manner  be 
served  upon  such  person  or  corporation  or  duly  authorlssed  agent  within  24 
hours  after  the  same  shall  be  made  by  the  board.  In  the  event  of  violation, 
a  copy  of  the  observation  made  in  accordance  with  section  4  shall  be  mailed 
within  24  hours  to  the  person  or  corporation  having  control  of  the  opera- 
tion of  the  stack,  and  an  additional  copy  shall  be  delivered  upon  the  premises, 
as  soon  as  is  practicable  to  the  employee  having  charge  of  the  stack,  unless  It 
is  otherwise  requested  in  writing  by  any  such  person  or  corporation. 

Sec.  7.  Any  person  or  corporation  violating  any  order  of  the  board  shall  be 
guilty  of  a  misdemeanor  and  may  be  punished  by  a  fine  of  not  less  than  ten  nor 
more  than  fifty  dollars  for  the  first  offense  and  not  less  than  twenty  nor  more 
than  one  hundred  dollars  for  every  succeeding  offense.  No  person  or  corpora- 
tion shall  be  deemed  guilty  in  accordance  herewith,  unless  the  observations, 
used  as  evidence  at  the  trial,  shall  be  made  as  provided  in  section  4.  The 
superior  court  sitting  in  equity,  on  i)etition  of  the  board  or  any  person  author- 
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!nd  by  tlie  board*  shall  haye  jnriadlctioii  to  restrain  yiolatlons  of  this  act 
during  the  prosecution  of  any  proceeding  at  law  for  the  enforcement  of  any 
order  of  the  board. 

Sec.  8.  Temporary  permits  for  the  emission  of  smoke,  covering  periods  not 
exceeding  stx  months  from  June  1,  1910,  may  be  granted  by  the  board  to  any 
person  duly  applying  for  the  same  and  satisfying  the  board  that  he  will  make 
changes  or  Improvements  to  prevent  the  emission  of  smoke  In  violation  of  the 
provisions  hereof.  Bnt  after  December  1,  1910,  no  further  permits  shall  be 
granted  unless  the  board  Is  satisfied  that  public  convenience  requires  It,  and 
permits  so  granted  shall  be  for  a  period  not  exceeding  six  months. 

Saa  9.  The  board  shall  annually  estimate  the  expense  of  carrying  this  act 
Into  effect  for  the  ensuing  year  and  shall  certify  the  same  to  the  treasurer  of 
the  Commonwealth,  who  shall  apportion  said  expense  among  the  cities  and 
towns  comprised  In  the  district  In  proportion  to  the  amount  of  their  State  tax, 
and  the  treasurer  shall  annually  notify  each  city  and  town  of  the  amount  to  be 
paid  by  it,  and  the  same  shall  be  paid  by  such  city  or  town  Into  the  treasury 
of  the  Commonwealth  at  the  time  required  for  the  payment  of,  and  as  a  part  of, 
its  State  tax. 

SBa  10.  All  acts  and  parts  of  acts  inconsistent  herewith  are  hereby  repealed, 
and  this  act  shall  take  effect  on  the  1st  day  of  July,  1910. 

Approved  June  15,  1910. 
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A  UBORATORY  STUDY  OF  THE  INFLAMMABILITY  OF 

COAL  DUST. 


By  J.  C.  W.  Fbazeb,  E.  J.  Hoffman,  and  L.  A.  Scholl,  Jr. 


IKTRODTTCTION. 

The  danger  from  coal  dust  in  mines  has  been  thoroughly  demon- 
Btrated  by  experiment,  and  consequently  the  study  of  the  inflam- 
mability of  coal  dust  suspended  in  air,  that  is,  the  readiness  with 
which  a  cloud  of  coal  dust  inflames,  is  of  decided  importance  to  those 
engaged  In  coal  mining.  Much  knowledge  has  been  gained  from  the 
work  done  in  the  large  galleries  constructed  at  official  and  semiofficial 
stations  in  this  country  and  abroad,  but  the  study  of  the  coal-dust 
problem  in  these  galleries  requires  so  much  time  and  is  so  costly  that 
there  is  need  of  a  reliable  laboratory  method  for  obtaining  a  classi- 
fication of  the  great  variety  of  dusts  that  occur  in  mines.  The 
investigation  described  in  this  paper  was  an  attempt  to  devise  such 
a  method.  It  was  a  preliminary  investigation,  and  work  in  the  same 
direction  is  being  continued  by  the  Bureau  of  Mines.  As  Mr.  Frazer 
has  severed  his  connection  with  the  bureau,  it  is  deemed  advisable 
to  publish  the  results  of  his  study  substantially  as  he  prepared  them, 
wiA  little  attempt  to  draw  conclusions  or  to  show  the  bearing  of  the 
results  on  other  studies  now  in  progress.  The  results  of  these  studies 
and  a  full  discussion  of  the  significance  of  the  laboratory  investiga- 
tions wiU  be  published  in  future  reports  of  the  Bureau  of  Mines. 

The  reader  should  remember  that  any  laboratory  method,  since  it 
involves  conditions  that  differ  so  greatly  from  those  of  actual  mining, 
ahouM  be  thoroughly  tested,  and  the  results  obtained  by  it  should 
be  confirmed  by  experiments  conducted  on  a  scale  simulating  mining 
conditions  before  final  conclusions  are  drawn. 

The  need  of  a  laboratory  method  has  long  been  felt,  and  several 
investigators  have  devised  apparatus  and  methods.  The  work  done 
by  Vital,  Holtzwart  and  Von  Meyer,  Bedson  and  Widdas,  Le  Chate- 
lier,  and  that  of  the  British  Coal  Dust  Commission  is  of  great  interest 
in  this  connection.     Bureau  of  Mines  Bulletin  20^  contains  a  sum- 


a  Rioe,  O.  S.,  Tbe  explosibflity  of  coal  dust,  wiih  chapters  by  J.  C.  W.  Frazer,  Axel  Larsen,  Frank  Haas, 
and  Carl  Schols:  Ball.  20,  Bureaa  of  Mines,  1911, 204  pp. 
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maiy  of  the  experiments  of  some  of  those  who  have  made  a  laboratory 
study  of  the  inflammability  of  coal  dust  and  it  is  unnecessary  to 
repeat  the  summary  here.  More  recently,  Taffanel  and  Durr  have 
published  the  results  of  their  investigation  of  the  inflammability  of 
dusts  at  the  Li6vin  station. 

WOBK  AT  THB  UfiVIN  STATION. 

The  paper  of  Taffanel  and  Durr  «  gives  some  interesting  results  of 
the  comparative  study  of  combustible  dusts.  The  apparatus  which 
they  used  is  shown  in  figure  1.  A  vertical  porcelain  tube,  a,  is  heated 
from  the  outside  to  the  desired  temperature,  as  indicated  by  the 
thermocouple  d.    The  dust  under  investigation  is  placed  at  o  and  is 
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Figure  1.— Apparatus  used  at  the  Litfvin  station. 

ejected  by  the  compressed  air  contained  in  the  1-litcr  bottle  p.  Just 
previous  to  the  ejection  of  the  dust  by  the  current  of  air,  ^is  pressed 
down  tightly  on  a,f  making  a  tight  joint  between  the  two.  During 
the  passage  of  the  dust-laden  air  through  a,  ignition  occurs  if  a  is 
sufficiently  hot.  In  addition  to  determining  the  temperature  of  igni- 
tion, the  investigator  should  study  the  size  of  the  flame  that  issues 
from  the  lower  end  of  a.  This  study  is  facilitated  by  photographing 
tlie  flames.  The  results  recorded  permit  the  classification  of  the 
dusts  with  reference  to  their  inflammability.  The  dusts  studied  by 
Taffanel  and  Durr  were  classified  into  eight  groups,  designated  A  to 
H  in  the  order  of  increasing  inflammability. 


a  Taffanel,  J.,  and  Durr,— ^ Cinquitene  sdrie  d^essais.    Bur  les inflammations  de  pousslkes;  ^ssois  dta- 
flammabilit^.    August,  1911. 
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WORK  B7  THE  BX7BEAU  OF  MDOBS. 
DESCRIPTION   OF   APPARATUS. 

The  apparatus  that  was  used  by  the  authors  in  the  present  inves- 
tigations is  shown  in  figure  2.  It  consists  essentially  of  the  explosion 
flash  a,  the  platinum  coil  i,  and  devices  for  putting  the  dust  in  sus- 
pension and  for  measuring  the  pressure  developed  in  a. 

The  flask  a,  which  has  a  capacity  of  1,600  c.  c,  is  provided  with 
large  tubulures  at  its  top  and  bottom;  the  ends  of  these  tubulures 
are  ground  true  on  a  glass  plate  with  emery  powder.  Experience 
indicates  that  a  flask  with  a  capacity  of  about  1,250  c.  c.  would 


FiGUBE  2.— Apparatus  used  by  the  Bureau  of  Mines. 

probably  be  preferable.  The  brass  plate  1c,  which  rests  on  the  end  of 
the  top  tubulure,  carries  the  platinum  coil  i  and  the  brass  tube  m. 
The  brass  plate  c,  on  which  a  rests,  carries  the  small  glass  funnel  h, 
which  is  cemented  gas-tight  into  c.  The  contact  between  the  ends 
of  a  and  the  brass  plates  1c  and  c  is  made  gas-tight  by  wide  rubber 
bands,  which  are  placed  around  the  end  of  each  tubulure  and  left 
projecting  a  short  distance.  The  contraction  of  the  rubber  draws 
the  projecting  portion  down  on  the  ends,  forming  a  rubber  cushion 
between  the  ends  of  the  tubulures  and  the  brass  plates,  and  by 
screwiog  down  the  nuts  above  the  steel  piece  Z,  the  joints  at  these 
points  are  made  tight.  The  platinum  coil  i  is  suspended  near  the 
center  of  a  by  the  two  stout  nickel  leads  j,  j,  which  pass  through  fiber 
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plugs  in  i.  The  coil  i  is  made  of  about  100  cm.  of  No.  26  platinum 
wire,  wound  on  a  quartz-glass  frame,  which  is  attached  as  described 
above  to  the  leads  j,  j.  The  steel  ball  n  is  ground  to  fit  practically 
gas  tight  on  top  of  m,  which  is  soldered  to  Jc  and  communicates  with  a. 
The  dust  to  be  investigated  is  weighed  into  the  glass  funnel  b  and 
at  each  trial  is  brought  to  about  the  same  position  in  the  stem  of  the 
funnel,  which  is  then  connected  by  means  of  a  short  rubber  tube  to 
the  150^.  c.  glass  bulb  d.  By  means  of  the  compression  bulb,  jp, 
the  air  in  (2  is  compressed  until  a  pressure  of  150  mm.  of  mercury  is 
indicated  by  the  manometer  h.  At  the  proper  instant  the  dust  in  b 
is  ejected  and  put  in  suspension  in  a  by  suddenly  opening  the  pinch 
cock  e.  In  order  to  insure  a  more  imiform  dissemination  of  the  dust 
in  a,  &  is  covered  with  a  small  piece  of  IS-mesh  copper  gauze.  By 
blowing  the  dust  through  the  gauze  the  adhering  particles  are  more 
completely  separated  and  the  density  of  the  dust  cloud  in  a  is  ren- 
dered more  uniform.  It  has  been  found  inadvisable  to  use  the  gauze 
on  b,  except  with  samples  of  coal  dust.  The  pressure  developed  in  a 
is  determined  by  ascertaining  by  several  trials  the  smallest  weight 
that  must  be  placed  on  n  to  prevent  its  being  lifted  from  m. 

METHOD   OF   OPERATION. 

With  the  apparatus  connected  as  shown  in  the  illustration  (fig.  2), 
the  desired  current  is  passed  through  the  platinum  coil  for  exactly 
3  minutes,  and  during  this  interval  the  expanding  air  in  a  is  released 
at  intervals  of  1,  2,  and  2|  minutes  after  the  instant  the  current  is 
first  passed  through  the  coil.  At  the  end  of  exactly  3  minutes  e  is 
quickly  opened  and  the  dust  in  6  is  ejected.  The  experiment  is 
repeated  several  times,  the  weight  on  n  being  varied  each  time  until 
it  is  found  that  the  pressure  developed  in  a  lies  between  two  values 
differing  by  5  grams.  The  weight,  which  is  a  small  flask  or  other 
glass  vessel  containing  mercury,  is  easily  varied.  In  every  experiment 
0.05  gram  of  dust  was  used  for  ignition,  as  with  this  quantity  it  has 
been  found  that  the  most  inflammable  coals  are  still  able  to  exert  the 
maximum  explosive  force. 

In  order  to  obtain  comparable  results,  the  conditions  must  be  kept 
uniform  in  every  particular.  A  220-volt  power-house  current  was 
used  in  these  experiments,  its  voltage  being  reduced  by  suitable 
resistance  before  it  passed  to  the  coil  i.  An  ammeter  was  always  in 
circuit,  and  the  current  was  kept  as  steady  as  possible  by  means  of  a 
rheostat,  but  frequently  the  current  was  so  unsteady  that  some  tests 
had  to  be  repeated  several  times  before  the  results  were  satisfactory. 
This  was  especially  true  when  conditions  within  the  flask  were  just 
about  those  required  for  the  complete  ignition  of  the  dust.  Hence, 
a  storage  battery  should  be  used  as  the  source  of  the  current. 
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Experiments  were  made  on  each  dust  with  current  strengths  of 
5;  5.5,  6,  6.5,  and  7  amperes.  The  temperature  corresponding  to 
each  of  the^e  interrals  could  not  be  readily  determined,  but  the 
resistance  of  the  coil  at  each  interval  was  determined,  as  follows: 

Resistance  of  coil  with  different  strengths  ofajrrent. 

Amperes 5.0        5.5  6.0  6.5         7.0 

Ohms 3.6        3.74        3.85        3.90        3.97 

FBSPABATIO»r  OP  THE  SAJCPLB. 

Previous  experiments  had  shown  that  when  the  particles  are  below 
a  certain  size  the  fineness  of  the  particles  has  a  decided  effect  on  the 
inflammability  of  a  dust.  But  it  was  considered  better  to  grind  all 
of  the  samples  so  fiine  that  the  whole  of  each  sample  introduced  would 
take  part  in  the  action  within  the  flask  than  to  attempt  to  separate 
and  collect  the  finest  dust  by  screening,  as  the  finest  dust  might  have 
a  composition  different  from  that  of  the  sample  as  a  whole.  In  all  of 
the  tests  recorded  in  this  paper  the  whole  of  each  sample  was  air  dried 
to  constant  weight  and  then  ground  fine  enough  to  pass  through  a 
200Haiesh  sieve,  the  fineness  of  all  the  samples  being  as  nearly  as 
possible  the  same.  Some  samples  undoubtedly  contained  more 
extremely  fine  dust  than  did  others,  but  it  is  not  believed  that  this 
finest  part  and  that  which  just  passes  a  200-mesh  screen  would  differ 
much  in  inflammability  under  the  conditions  of  these  experiments. 

ACZSrOWUSDOMBNTS. 

The  samples  were  collected  under  the  supervision  of  G.  S.  Rice, 
chief  mining  engineer,  who  took  much  interest  in  the  investigation 
and  was  consulted  frequently  by  the  authors  during  its  progress. 

The  samples  were  analyzed  under  the  direction  of  A.  C.  Fieldner, 
chemist.  The  methods  used  were  those  adopted  by  the  Bureau  of 
Mmes.'»  The  authors  are  much  indebted  to  Mr.  Fieldner  and  his 
assistants  for  the  preparation  and  analysis  of  the  samples. 

STATBMBNT  OF  BSSTHLTS. 

In  the  following  tables  are  given  the  results  of  the  investigation. 
All  of  the  experiments  were  made  under  the  same  conditions,  except 
those  with  artificial  mixtures  (Table  4  and  figs.  71-75),  in  which  an 
explosion  flask  of  a  different  size  was  used.  Except  for  those  tests, 
aU  results  are  comparable.  In  every  case  the  pressure  from  the  air 
used  to  put  the  dust  into  suspension  has  been  deducted  from  the  pres- 
sure caused  by  the  explosion. 

In  addition  to  samples  of  coal  dust,  some  artificial  mixtures  of  coal 
dust  and  finely  ground  shale,  also  calcium  carbonate,  have  been  invcs- 

«  Stanton,  F.  M.,  and  Fieldner,  A.  C,  Methods  of  analysing  ooaland  ooke:  Technical  Paper  8,Bunaa 
(tf  Mines,  1912, 18  pp. 
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tigated  in  order  to  measure  the  effectiveness  of  these  substances  in 
diminishing  the  inflammability  of  coal  dust.  The  following  sub- 
stances also  were  investigated:  Wood  dusts  (4  samples) ,,  asphalt  (4 
samples),  and  gluten,  flour,  starch,  sugar,  and  lycopodium  (1  sample 
of  each). 

In  order  to  present  the  results  in  a  form  more  convenient  than 
tables,  they,  with  the  exception  of  those  for  road  dusts  (Table  3),  are 
shown  as  curves.  The  curves  are  plotted  with  the  strength  of  cur- 
rent on  the  coil  as  abscissas,  and  the  pressures  in  the  flask  as  ordinates ; 
the  maximum  weight  in  grams  lifted  in  a  test  is  taken  as  the  pressure 
corresponding  to  the  strength  of  current  ia  that  test.  Since  the 
diameter  of  the  brass  tube  m  (fig.  2)  is  7  mm.,  the  pressure  per  unit 
area  can  be  calculated  if  desired.  The  heights  of  any  two  curves  at 
corresponding  points  are  assumed  to  be  determined  by  the  relative 
inflammability  of  the  two  dusts  under  the  conditions  corresponding 
to  the  points.  The  curves  of  any  group  of  tests  are  arranged  in 
ascending  order  according  to  the  increasing  inflammability  of  the 
samples,  as  shown  by  the  heights  of  the  curves  above  the  line  of  zero 
pressure  at  the  highest  current  strength  used  in  the  coil.  Several 
samples,  as  the  curves  show,  have  about  the  same  inflammability. 
In  such  cases  the  order  in  which  the  results  are  placed  ia  largely  a 
matter  of  opinion. 

The  dusts  investigated  have  been  divided  into  four  groups,  accord- 
ing to  their  nature  as  follows :  Group  1  (Tables  1  and  2  and  figs.  3-70) , 
samples  of  coal  dust ;  group  2  (Table  3),  samples  of  road  dusts  high  in 
ash;  group  3  (Table  4  and  figs.  71-75),  artificial  mixtures  of  dusts 
with  known  percentages  of  shale  dust  or  of  calcium  carbonate;  group 
4  (Table  5  and  figs.  76-86) ,  inflammable  dusts  other  than  coal  dusts. 

It  will  be  noticed  that,  in  general,  the  curves  are  of  two  types  and 
the  dusts  of  group  1  have  been  subdivided  into  two  divisions  corre- 
sponding to.  the  two  types  of  curves.  The  curves  for  the  samples  of 
the  first  division  rise  continuously  in  a  more  or  less  irregular  manner 
with  increasing  temperature  of  the  coil,  whereas  those  for  the  second 
division  rise  rapidly  at  first  but  toward  the  end  of  the  range  covered 
by  these  experiments  rise  little  and  are  practically  parallel  to  the  hori- 
zontal axis.  These  results  seem  to  indicate  that  the  samples  of  the 
second  di^dsion  of  group  1  exerted  their  maximum  explosive  force 
within  the  range  of  the  tests,  whereas  those  of  the  first  division  did 
not.  It  seems  that  many  of  the  samples  of  the  first  division  did  not 
ignite  or  that  the  ignition  extended  only  a  short  distance  into  the 
cloud  of  dust.  In  none  of  the  samples  of  the  first  division  does  the 
ignition  seem  to  have  extended  throughout  the  whole  cloud,  for  the 
curves  of  this  division  ascend  continuously  throughout  their  whole 
length,  and  the  maximum  explosive  force  of  the  samples  was  not 
developed  within  the  range  of  the  experiments. 
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CURRENT  THROUGH  IGNITION  COIL,  AMPERES. 

FioxTRE  32.— Relative  inflammability  of  coal  No.  10997,  Wasatch  County,  Utah.    Moisture,  10.37  per  oont; 
volatile  matter,  39.68  per  cent;  fixed  carbon,  46.75  per  cent;  ash,  3.20  per  cent;  sulphur,  0.74  per  cent. 


200 

' 

^^ 

• 

^" 

"~ 

^ 

■^■" 

^^ 

^^ 

^^ 

^"^ 

■^M 

^^ 

"^ 

^■" 

^ 

' 

- 

^ 

>^ 

•- 

■^ 

53 

/ 

^ 

y 

2  150 

/ 

/ 

J 

r 

Q 

r 

H 

/ 

fc    100 

J 

f 

!-• 

. 

/ 

l-q 

> 

Eh 

/^ 

n 

/ 

2    60 

> 

f 

/ 

- 

^ 

>^ 

- 

- 

r 

• 

■- 

i-i4 

— 

yw 

0 

_ 

_ 

^ 

f 

^ 

^^_^ 

_ 

_ 

r^ 

^ 

^ 

^^ 

«^ 

_, 

5.0  5.5  6.0  6.5  7.0 

CURRENT  THROUGH  IGNITION  COIL,  AMPERES. 

FiGURK  33.~Relative  inflammability  of  coal  No.  11592,  Pittsburg  County,  Okla.    Moisture,  1.52  per  cent; 
volatile  matter,  33.28  per  cent;  fixed  carbon,  58.04  per  cent;  ash,  7.16  per  cent;  sulphur,  0.50  per  c^t. 
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CURRENT  THROUGH  IGNITION  COIL,  AMPERES. 

FiQUKE  34.— Relative  inflammability  of  coal  No.  12025,  Las  Animas  County,  Colo.    Moisture,  0.77  per  cent, 
volatile  matter,  31.58  per  cent;  fixed  carbon,  57^7  per  cent;  ash,  10.06  per  cent;  sulphur,  0.60  per  cent. 
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CURRrENT  THROUGH  IGNITION  COIL,  AMPERES. 


FioxTRE  50.— Relative  inflammability  of  coal  No.  10845,  Allegheny  County,  Pa.    Moisture,  1.81  per  cent; 
Yolatile  matter,  35.76  per  cent;  fixed  carbon,  56.41  per  cent;  ash,  6.02  per  cent;  sulphur,  1  JO  per  cent. 
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CURRENT  THROUGH  IGNITION  COIL,  AMPERES. 


Figure  5l.--Relative  inflammability  of  coal  No.  11569,  Pittsburi?  County,  Okla.    Moisture,  1.41  per  cent; 
volatile  matter,  31.44  per  cent;  fixed  carbon,  58.87  per  cent;  asli,  5.28  per  cent;  sulphur,  0.65  per  cent. 
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CURRENT  THROUGH  IGNITION  COIL,  AMPERES. 

I^GUitE  58.— Relative  inflammability  of  coal  No.  11930,  Las  Animas  Coimty,  Colo.    Moisture,  0.8G  per  cent; 
volatile  matter,  31.07  per  cent;  fixed  carbon,  57.39  per  cent;  ash,  10.68  per  cent;  sulphur,  0.62  per  cent. 
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Figure  59.— Relative  Inflammability  of  coal  No.  10189,  Huerfano  County,  Colo.    Motsturs,  4.83  per  oent; 
volatile  matter,  37.81  per  cent;  fixed  carbon,  49.61  per  cent;  ash,  7.75  per  cent;  sulphur,  0.57  per  cent. 
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I^r.T  RE  70.— Relative  inflammability  of  coal  No.  12008,  Shoridan  County,  Wyo.    Moisture,  li.97  per  c-c::t; 
\  olaUU)  matter,  35.24  per  oent;  fixed  carboa,  46.22  per  cent;  ash,  3.57  per  cent;  sulphur,  0.41  per  ceui. 
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HTFLAMMABILITY  OP  COAL  DUST. 


CURRENT  THROUGH  IGNITION  COIL.  AlfFEBES. 
FiarsE  T1.— Relative  InDBnunablllt;  of  coal  No.  11IS4,  Crawfoid  Coun^,  Kbiis,,  ud  ol  mlitiina  of  mmI 


CURRENT  TlIROUon  IGNITION  COIL,  AMPERES. 

OdReT;,— neliU\-elnniunmBhlliiyo[c«il  No.  U18X,  R 
LIIM  with  calcium  (wbonutc.  Uoislura,  l.M  par  c«iil 
B.w  per  cent:  asb,  t2  percent;  sulphiu,  S.I2  par  nenl. 


INPLAMMABILTrr   OF   GOAL  DUST. 


CURRENT  TUROUQU  IGNITION  COll,, 
iru  71.— R«lMiTe  influnmabiUl;  of  coal  No.  1073S,  Riuaell  Coontf,  Vs.,  uidol  mixtures  of  roal 
TV  vtth  ilule.  Uautnn,  O.M  fa  csent:  nbtlla  matUr,  as.ao  per  cenl;  Oxed  ctrbon,  67.54  |wi  a 
li,£.SS  par  cent:  lulpbur,  0.00  per  ceot 


CURRENT  THROUr.H  IGNITION  COIL, 
Flor»i74._iteiBt[v8iniia„,n,ablllty  ofooalNo.  Innon,  Carbon  Cou ill 
iCWwlihitutla.  Ui^tan,3.33  percent:  TaUtllsmaltcr, 41.7a  peic 
I.ltpctceati  luljdiur,  0.67  pei  cent. 
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imrLAMMABIUTY  OF  COAL  OXTST. 
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CURRENT- THROUGH  IGNITION  COIL,  AMPERES. 


Figure  70.— Relative  inflammability  of  flour,  No.  11190.    Moisture,  11.09  per  cent;  volatile  matter,  63^8 

per  cent;  fixed  carbon,  24.90  per  cent;  ash,  0.i3  per  cent. 
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FiouBE  77.— Relative  inflammability  of  pine  dust,  No.  11689.    Moisture,  4.38  per  cent;  volatile  matter, 

71.92  per  cent;  fixed  carbon,  16.02  per  cent:  ash,  7.G8  per  cent 
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CURRENT  THROUGH  IGNITION  COIL,  AMPERES. 

FiQUBE  78.— Relative  inflammability  of  oak  dust.  No.  11688.    Moisture,  3.22  per  cent;  volatile  mattffi", 

77.06  per  cent;  fixed  carbon,  16.56  per  cent;  ash,  3.17  per  cent. 
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cmiRENT  TBROOQH  IGNITION  COIL,  AMPERES. 
FiGUAE  82.— Relative  [nflunmablUty  of  starch,  No.  1IIS9.    litOBtan,  UM  pet  atat;  • 
pa  cent;  fixed  carbau,  14^  per  cent:  itsta,  0.31  per  cant. 
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CORRENT  THROUGH  IGNITION  COIL,  AMPERES. 
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CURRENT  THROUGH  IGNITION  COIL,  AMPERES. 

ftOLiE  M.^RelBttre  InllBiniMMMtr  of  Ircapodium,  No.  13332.    Mobtum,  I.CH  per  oont;  votaUle  m 

STjg  partMut;  fixed  carbmi,  S.98  peiomt;  Uh,  1.59  per  not;  sulpbni,  0,11  pet  cent. 


S4  rBTFLAMMABIUTY  OF  COilJL  DUST. 

DI8CT7SSION  OF  BESTJLTS. 

In  any  statement,  such  as  the  preceding  tables,  of  the  relative 
inflammability  of  dusts,  ranking  of  the  different  samples  depends  on 
conditions.  In  the  tables  and  curves  the  samples  are  compared  on 
the  basis  of  the  results  obtained  with  the  largest  current  used, 
namely,  7  amperes.  The  order  of  inflammability  would  have  been 
different  if  the  results  obtained  at  a  different  current  strength  had 
been  used,  or  if  the  tests  had  been  made  on  a  large  scale. 

As  stated  above,  the  inflammability  curves  for  the  various  coal  dusts 
are  in  general  of  two  types,  and  the  dusts  of  group  1  have  been 
divided  on  tliis  basis.  The  curves  for  the  dusts  of  group  lA  ascend 
continuously  throughout  their  whole  .length  within  the  range  of  the 
experiments,  whereas  the  curves  for  the  coals  of  group  IB  rise  rapidly 
at  first  and  finally  become  parallel  to  the  horizontal  axis.  Group  lA 
includes  50  semibituminous  and  bituminous  coals  and  8  subbitumi- 
nous  coals  and  lignites.  Group  IB  consists  of  9  subbituminous  coals 
and  1  lignite. 

Of  the  8  subbituminous  coals  and  lignites  of  group  lA,  4  are  to  be 
excluded  in  comparing  inflammability  for  the  following  reasons: 
Coal  sample  No.  10900  (fig.  3)  was  taken  from  an  outcrop  and  was 
probably  weathered,  as  is  indicated  by  its  containing,  on  a  moisture 
and  ash-free  basis,  27.47  per  cent  of  oxygen  and  having  a  heating 
value  of  5,867  calories  as  against  oxygen,  24.42  per  cent  and  calorics 
6,455  in  the  case  of  sample  No.  10899  (fig.  62)  taken  from  the  same- 
locaUty  and  having  a  similar  proximate  analysis.  Coal  sample  No. 
11059  (fig.  17)  was  from  an  open  bank  mined  for  local  use  and  may 
have  been  weathered.  Coal  sample  No.  10997  (fig.  32)  was  from  a 
prospect;  and  coal  sample  No.  11058  (fig,  57)  was  from  an  abandoned 
mine. 

Attention  is  called  to  the  extremely  high  moisture  content  of  sample 
No.  11361  (fig.  6),  the  very  high  ash  content  of  sample  No.  10741 
(fig.  25),  and  the  high  moisture  and  ash  content  of  sample  No.  10732 
(fig.  11). 

Neither  should  sample  No.  11382,  bituminous  coal,  of  group  lA 
(fig.  31)  and  sample  No.  11048,  subbituminous  coal,  of  group  IB 
(fig.  67)  be  considered  in  this  connection.  The  former  was  from  au 
outcrop,  the  latter  from  an  open  bank. 

In  the  Hght  of  the  above  facts,  though  no  rigid  distinction  between 
tlxe  coals  can  be  drawn  on  the  basis  of  difference  in  form  of  inflamma- 
bility curve,  still  the  general  relations  noted  above  are  hardly  to  be 
considered  as  purely  accidental. 

Group  3  contains  samples  of  coal  dust  to  wluch  10,  20,  30,  40,  and 
50  per  cent  of  finely  ground  shale  or  of  calcium  carbonate  was  added. 
These  were  included  in  order  to  measure  the  effectiveness  of  this 
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proposed  means  of  diminishing  the  inflammability  of  coal  dust.  In 
all  the  experiments  with  these  artificially  prepared  dusts,  such  an 
amount  of  each  was  always  taken  as  contained  the  same  quantity 
of  the  pure  coal  dust  that  had  been  used  in  all  the  other  experiments, 
so  that  the  same  amount  of  coal  dust  was  in  suspension  in  all  cases. 
The  effect  of  the  shale  dust  in  limiting  the  inflammation  is  seen  with 
each  successive  addition,  the  effect  being  decidedly  marked  with  the 
50  per  cent  mixture  but  not  sufficient  to  render  the  sample  nonin- 
flammable. 

BEST7LT8  OF  TESTS  WITH  BTJBOPEAN  COAIiS. 

In  figures  87-94  are  given  curves  of  inflammability  for  coals  from 
France,  England,  Germany,  and  Austria.  The  authors  are  indebted 
to  G.  S.  Rice,  chief  mining  engineer,  for  the  samples  which  he  col- 
lected personally.  The  curves  are  presented  without  discussion,  in 
the  belief  that  they  may  prove  of  interest  in  connection  i^dth  the 
curves  previously  given. 
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FiouBE  87.— Relative  Inflammability  of  coal  No.  12653,  St.  Etiennc,  France.  Molsuiro,  0.73  per  cent; 
Tobtile  matter,  31.00  per  cent;  fixed  carbon,  66.38  per  cent;  ash,  1.89  per  cent;  sulphur,  0.94  per  cent. 
Grab  sample. 
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CURRENT  THROUGH  IGNITION  COIL,  AMPERES. 

FiGtriE  88.— Relative  inflammability  of  coal  No.  12<i54,  St.  Elicfine,  Franco.  Moisture,  0.r>3  i.-cr  cent; 
volatae  matter,  22.11  ncr  cent;  fixed  carbon,  63.32  per  cent;  ash,  13.89  per  cent;  t.uiphur,  0.80  per  cent. 
Giab  sample. 


INFLAMMABILITY  OF  COAL  WUBT. 


CURRENT  THRO  I' OB 


COIL,  AUP£R£S. 


Fiarai  m.— Ralstlve  inflo 


CURJtENT  THROUGH  IGNITION  COIL,  AMPERES. 
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FratTBE  91.— BtlativB  Inllan 
Tolallki  mailer,  30.M  per 


INFULHMABILITY  OF  COAL  DUST. 


CURRENT  THROUQH  IGNITION  COIL,  .' 


CURRENT  THROUGH  IGNITION  COIL,  AUrERES. 


CURRENT  THROUGH  IGNITION  COIL,  AMPERES, 
FmuilL-IMuiv*  tolUniinBbmtj  of  co^  No.  12660,  Segen-CoKM,  Austria.    HgL<lure,  O.M  per  cent; 
nlatilt  puiKr,  20.98  per  cent;  fixed  cirbon,  6^.17  par  cenl;  aali,  I2.se  per  ceal;  sulpbur,  3.20  ptrccnl, 
Suodaid  dtut  uwd  In  RooiU  Ealterr . 
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The  apparatus  shown  in  figure  95  is  designed  lor  demonstrating 
on  a  laboratory  scale  the  explosibility  of  coal  dust  in  air.     The 
apparatus   is   assembled  on  the  same  principle   as  the   laboratory 
apparatus  already  shown  (fig.  2}  for  measurir^  the  inflammability 
of  coal  dust.     It  consiste  of  a  14-liter  aspirator  bottle,  a,  of  thick 
glass,  in  which  is  suspended  through  a  rubber  stopper,  I,  a  coil  of  1.5 
meters  of  No.  26  platinum  wire.     Through  another  hole  in  I  ctamec- 
tion  is  made,  by  means  of  a  glass  tube,  with  a  1-liter  thin-walled 
Florence  flask,  h,  the  glass  tube  passing  through  a  rubber  stopper 
secured  in  the  mouth  of  the  flask  by  wire.     The  stopper  I  is  held  gas 
tight  in  a  by  means  of  a  steel  piece  bolted  to  a  split  wooden  col- 
lar, e,  clamped   around  the  neck   of  a. 
Through    the    tubidure   r,  at  the    bot- 
tom of  a,  is  inserted  a  one-hole  rubber 
stopper    carrying    a    copper   funnel,  /, 
which  is  directed    upward    inside  the 

bottle  beneath  the  coil  and  is  covered  -J^, -^ 

with  a  piece  of  wire  gauze  to  aid  the      /^''^Sl!  r^_«_  \ 

dissem 

carryii 

About 


FloireE  9-i.— Apparntiii  fgr  dotnonatraliiiB  the  InaemtoBblHty  of  coat  dust. 

in/,  and  t)ie  projecting  end  of  /  is  connected  to  the  2-liter  bottle  d 
by  means  of  thick-walled  rubber  tubing.  By  means  of  the  com- 
pression bulb  h  the  air  in  the  bottle  d  is  put  under  a  pressure  of 
about  450  mm.  of  mercury.  The  platinum  coil,  the  source  of  igni- 
tion, is  Iieated  for  about  10  minutes  by  a  current  of  6.5  amperes, 
when  the  air  in  a  is  warm.  The  dust  in  /  is  then  suddenly  ejected 
by  oj>ening  the  pinch  cock  g.  When  the  dust  is  ejected,  a  is  filled 
with  flame,  and  a  loud  report  follows,  caused  by  the  explosion  of  the 
flask. 

The  experiment  is  performed  with  safety  only  when  tlie  bottle  a 
and  flask  6  are  inclosed  in  a  heavy  box  with  a  thick  plate-glass  front, 
otherwise  injury  may  be  caused  by  the  projected  pieces  of  glass. 
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The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C: 

BuixEnN  10.  The  use  of  permiasible  exploeivBS,  by  J.  J.  Rutledge  and  Clarence 
Hall.    1912.     34  pp.,  5  pis.,  4  figB. 

BrLLETiH  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  0.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
buigh,  by  G.  A.  Bunell,  and  an  introduction  by  C.  E.  Munroe.  1911.  197  pp., 
7pls.,  5  figs. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.  61  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological  Survey  Bulle- 
tin 423. 

Bulletin  20.  The  explosability  of  coal  dust,  by  G.  8.  Rice,  with  chapters  by  J.  C.  W. 
Fazer,  Axel  Lareen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.,  28  figs.  Reprint 
of  United  States  Geological  Survey  Bulletin  425. 

Bulletin  44.  First  national  mine-safety  demonstration,  Pittsburgh,  Pa.,  October 
30  and  31, 1911,  by  H.  M.  Wilson  and  A.  H.  Fay,  with  a  chapter  on  the  explosion  at  the 
experimental  mine  by  G.  S.  Rice.     1912.    75  pp.,  7  pis.,  4  figs. 

Bulletin  45.  Sand  available  for  filling  mine  workings  in  the  Northern  Anthracite 
Goal  Basin  of  Pennsylvania,  by  N.  H.  Darton.     1912.    33  pp.,  8  pis.,  5  figs. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H.  Clark. 
1912.    44  pp.,  6  pis.,  14  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  operations, 
by  Clarence  Hall  and  S.  P,  Howell.    1913.    50  pp.,  3  pis.,  7  figs.      '" 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
ppeasure,  by  W.  O.  Snelling  and  \V.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
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THE  ANALYSIS  OF  BLACK  POWDER  AND  DYNAMITE. 


By  Walteb  O.  Snellinq  and  C.  G.  Storm. 


INTRODUCTION. 

Although  descriptioiis  of  the  methods  of  analysis  of  explosives  are 
to  be  found  in  many  books  on  explosiTes,  and  in  works  on  engineer- 
ing diemistiy  or  diemical  analysis,  most  of  these  descriptions  are 
incomplete  and  lacking  in  details.  The  methods  of  analysis  employed 
in  the  laboratories  of  most  explosives  factories  are  frequently  treated 
as  trade  secrets,  and  very  little  information  is  published  from  such 
laboratories. 

This  bulletin  outlines  the  methods  of  analysis  that  are  used  by 
the  Bureau  of  Mines  in  the  examination  of  certain  classes  of  explo- 
sives. The  present  form  of  most  of  these  methods  has  been  worked 
out  in  the  bureau's  explosives  laboratory.  The  methods  employed 
by  Prof.  C.  E.  Munroe  were  taken  as  a  basis,  and  were  elaborated  to 
meet  the  demands  incident  to  the  treatment  of  complicated  mix- 
tures and  to  the  development  of  the  explosives  art.  A  subsequent 
bulletin  will  discuss  the  methods  of  analysis  of  ''permissible'' 
ex{4osives,  many  of  the  latter  being  of  decidedly  complicated  char- 
acter and  requiring  special  treatment.  This  bulletin  presents  the 
methods  of  analysis  of  ''ordinary"  dynamite,  and  the  ammonia, 
gelatin,  low-freezing,  and  granular  dynamites,  and  the  common 
grades  of  black  gunpowder  and  black  blasting  powder.  The  bulletin 
is  published  by  the  bureau  for  the  information  of  all  persons  inter- 
ested in  explosives  and  their  safe  and  efficient  use  in  mining  work. 

As  the  term  "ordinary"  dynamite,  though  much  used,  has  no 
conventional  meaning,  and  may  be  used  to  cover  a  wide  variety  of 
compositions  of  matter,  it  may  be  noted  that  the  standard  dynamite 
used  at  the  Pittsburgh  testing  station  is  a  good  example  of  the 
"ordinary"  dynamite  known  in  this  country.  This  testing  station 
dynamite  has  the  following  composition: 

Composition  of  Pittsburgh  testing  station  dynamite. 

Por  oent. 

Nitnglyoerin 40 

Sodium  nitiate 44 

Wood  pulp 16 

Calcium  carbonate 1 
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As  most  permissible  explosives  contain  only  the  constituents 
found  generally  in  the  various  types  of  ordinary  dynamite,  the 
chemist  will  usually  find  it  possible  to  analyze  such  explosives  either 
wholly  or  partly  by  following  the  general  methods  of  analysis  here 
given  for  the  type  of  explosive  that  seems  most  closely  related  to  the 
one  under  examination.  The  methods  of  extraction  with  ether, 
with  water,  etc.,  here  outlined  are  general  methods  whic^  are  applied 
with  equal  success  to  all  classes  of  explosives,  and  therefore  by  the 
use  of  these  general  methods,  following  a  thorough  qualitative 
examination,  little  difficulty  should  be  met  except  with  those  classes 
of  permissible  explosives  that  contain  large  amounts  of  salts  holding 
water  of  crystallization,  such  as  alum  and  magnesium  sulphate,  or 
those  containing  an  unusual  number  of  uncommon  constituents. 
Even  with  such  explosives,  however,  if  the  information  desired  is 
principally  in  regard  to  the  percentages  of  explosive  ingredients 
(nitroglycerin,  anmionium  nitrate,  etc.),  the  methods  outlined  in 
this  bulletin  may  be  satisfactorily  followed. 

DYNAMITE. 

"Ordinary"  dynamite  consists  essentially  of  nitroglycerin  absorbed 
in  some  porous  material.  Owing  to  its  physical  condition  and  its 
extreme  sensitiveness  to  shock,  liquid  nitroglycerin  is  not  suitable 
for  use  as  an  explosive  in  mining  and  quarrying,  but  when  nitro- 
glycerin is  absorbed  in  a  porous  material  a  more  or  less  plastic  mass 
is  obtained  which  is  far  less  sensitive  to  shock  than  liquid  nitro- 
glycerin, although,  when  properly  fired  by  means  of  a  detonator,  it 
retains  most  of  the  explosive  properties*  of  nitroglycerin.  Among 
the  many  substances  that  have  been  used  as  absorbents  for  nitro- 
glycerin are  sawdust,  wood  pulp,  ground  mica,  and  infusorial  earth 
(Ideselguhr),  or  mixtures  of  these  substances  with  alkaline  nitrates 
and  other  substances. 

It  is  usual  to  classify  absorbents  for  nitroglycerin  as  active  and 
inactive.  Pulverized  gunpowder,  for  example,  or  mixtures  of  wood 
pulp  with  sodium  nitrate  or  other  oxidizing  agents,  represent 
'^  active' '  absorbents,  whereas  mica,  kieselguhr  and  similar  materials, 
which  play  no  part  in  the  explosive  reactions  and  which  are  employed 
merely  to  absorb  or  retain  the  liquid  nitroglycerin,  form  the  so-called 
"inactive"  absorbents. 

The  type  of  dynamite  most  generally  used  to-day  consists  of  nitro> 
glycerin  absorbed  in  a  mixture  of  wood  pulp  and  sodium  nitrate, 
and  to  this  mixture  is  usually  added  a  small  amount  of  some  antacid 
such  as  calcium  carbonate,  magnesium  carbonate,  or  zinc  oxide. 
This  antacid  is  added  in  the  belief  that  it  increases  the  stability  of 
the  resulting  explosive  by  neutralizing  such  small  amounts  of  free 
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acid  as  may  be  produced  by  the  decomposition  of  the  nitroglycerin 
during  long  storage. 

The  analysis  of  dynamite  is  best  carried  out  by  first  separating, 
with  ether  or  some  other  appropriate  solvent,  the  nitroglycerin  from 
the  dope  in  which  it  is  absorbed.  After  the  nitroglycerin  has  been 
thus  removed,  the  soluble  nitrate  in  the  dope  may  be  removed  by 
dissolving  in  water;  the  antacid  may  then  be  dissolved  in  dilute 
acid,  and  the  residue  insoluble  in  ether,  water,  dilute  acid,  etc., 
may  be  directly  determined  by  weight. 

In  its  simplest  form,  therefore,  the  analysis  of  dynamite  consists 
in  the  removal  of  the  constituent  materials,  one  by  one,  through  the 
use  of  appropriate  solvents.  Dynamites  of  the  most  complicated 
composition  may  usually  be  analyzed  in  this  way,  through  selective 
solution.  In  the  present  paper  the  methods  of  analyzing  ordinary 
types  of  dynamite  are  discussed,  and^  those  that  have  been  found 
best  in  an  experience  covering  several  thousand  analyses  are  stated. 

PHYSICAL  EXAMINATION. 

Upon  receiving  a  sample  of  explosive  for  analysis  it  is  desirable 
to  record  full  information  in  regard  to  the  size  and  weight  of  each 
cartridge,  with  a  complete  copy  of  any  lettering  that  may  appear  on 
the  wrapper.  It  is  also  advisable  to  record  the  nature  of  the  outer 
wrapping  paper  (such  as  ordinary  paper,  parchmentized  paper, 
or  paper  coated  with  paraffin),  and  whether  the  cartridge  has  been 
redipped;  that  is,  placed  in  a  paraffin  bath  after  being  filled. 
Whether  a  cartridge  has  been  redipped  can  usually  be  determined 
by  carefully  opening  the  wrapper.  If  there  is  a  greater  thickness 
of  paraffin  near  the  edge  where  the  sheet  overlaps,  or  if  the  overlap- 
ping edge  is  attached  to  the  adjacent  portions  of  the  paper  by  means 
of  an  adhering  deposit  of  paraffin,  it  may  be  assiuned  that  the  cart- 
ridge has  been  redipped. 

DETERMINATION  OF  GRAVIMBTRIG  DENSITY. 

It  is  possible  to  determine  approximately  the  gravimetric  density 
or  apparent  specific  gravity  of  a  cartridge  of  explosive  by  measuring 
carefully  the  length  and  circumference  of  the  cartridge,  calculating 
from  these  figures  the  volume  in  cubic  centimeters,  and  then  dividing 
the  weight  in  grams  of  the  cartridge  by  this  figure.  ^  However, 
experiments  made  at  the  bureau's  explosives  laboratory  have  shown 
that  even  with  the  most  careful  measurements  the  figures  thus 
obtained  are  liable  to  be  in  error  by  as  much  as  10  to  20  per  cent, 
a  difference  entirely  too  great  to  make  the  method  permissible  for 
exact  work.  With  some  redipped  cartridges  weighing  in  water  has 
given  satisfactory  results,  but  cartridges  seldom  have  a  coating  of 
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paraffin  so  complete  as  to  permit  the  use  of  this  method.  Accord- 
ingly a  method  was  sought  that  would  at  all  times  give  satisfactory 
results  even  with  cartridges  that  had  not  been  redipped. 

The  volume  of  the  cartridge  can  be  determined  conveniently 
by  using  sand  instead  of  water  as  the  measuring  material.  A 
weighed  glass  cylinder  about  30  cm.  high  and  5  cm.  in  inside  diameter 
is  fiUed  with  fine  sand  (preferably  sea  sand)  that  has  been  sifted 
through  a  60-mesh  sieve.  A  straight  edge  is  drawn  across  the  top 
of  the  cylinder,  the  level  of  the  sand  being  left  flush  with  the  top 
edge,  and  the  weight  of  the  cylinder  and  contained  sand  is  determined. 
From  this  weight  the  weight  of  the  cylinder  is  subtracted  and  the 
result  is  the  weight  of  the  sand,  which,  divided  by  the  weight  of 
water  required  to  fill  the  cylinder,  gives  the  apparent  specific  gravity 
of  the  sand  used.  All  the  sand  except  enough  to  fill  the  cylinder  to 
a  depth  of  about  1  inch  is  now  poured  out,  a  weighed  cartridge  of 
the  explosive  is  placed  in  the  cylinder,  and  sand  added  until  the 
cylinder  is  filled  .flush  to  the  top  as  before,  when  it  is  struck  with  the 
straight  edge  and  then  the  weight  of  cylinder  and  sand  and  cartridge 
is  noted.  From  these  figures  the  weight  of  sand  displaced  by  the 
cartridge  is  found.  This  weight  divided  by  the  apparent  specific 
gravity  of  the  sand  gives  the  volume  of  the  cartridge.  The  weight 
of  the  cartridge  divided  by  its  volume  gives  its  apparent  specific 
gravity  or  gravimetric  density.  This  determination  leaves  the  car- 
tridge in  condition  for  use  in  sampling,  if  desired. 

In  making  this  determination  care  should  be  taken  that  the  cylinder 
is  filled  each  time  in  exactly  the  same  manner,  the  sand  being  poured 
in  slowly  and  not  packed  by  jolting,  shaking  or  otherwise.  Repeated 
determinations  of  the  weight  of  sand  required  to  just  fill  the  cylinder 
will  prove  that  with  proper  care  uniform  results  may  be  obtained ;  in 
practice  this  method  has  been  found  to  be  both  rapid  and  exact. 

TEST  FOR  LIABILITY  OP   EXUDATION. 

To  determine  whether  there  is  liability  of  leakage  of  nitroglycerin 
from  cartridges  containing  this  explosive,  it  is  always  advisable  to 
make  an  exudation  test,  which  indicates  the  amount  of  nitroglycerin 
that  may  be  lost  by  the  explosive  tested  under  prescribed  condi- 
tions. The  tests  most  commonly  used  for  this  purpose  are  the  40® 
test,  the  pressure  test,  and  the  centrifugal  test. 

40^  TEST  FOB  EXUDATION. 

In  the  40®  test  a  cartridge  of  the  explosive  under  examination  is 
placed  in  a  vertical  position  in  an  oven  heated  to  40®  C.  Some  small 
perforations  are  made  in  the  wrapper  at  the  ends  of  the  cartridge, 
and  the  cartridge  is  then  placed  on  end  on  a  small  wire  tripod  in  a 
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small  glass  beaker  or  cylinder.  The  whole  is  then  placed  for  six  days 
in  an  oven  maintained  at  a  constant  temperature  of  40^  C.  At  the 
end  of  tiiis  time  an  examination  is  made  to  see  if  any  leakage  of 
nitroglycerin  in  the  form  of  drops  has  occurred.  Such  leakage  may 
be  taken  as  evidence  that  there  is  too  much  nitroglycerin  in  the 
explosive  for  the  amount  of  absorbent  material  present,  or  that  the 
dope  used  is  deficient  in  absorbing  capacity. 

PBS86UBB  TEST  FOR  EXUDATION. 

Before  the  centrifugal  test  was  employed,  it  was  customary  to  use  a 
pressure  test  for  exudation  which  consisted  in  exposing  a  sample  of  the 
dynamite  to  a  definite  pressure  produced  by  a  weight  on  a  lever  arm, 
and  detennining  the  amount  of  nitroglycerin  thereby  forced  out  of 
the  dynamite.  Many  modifications  of  this  test  have  been  tried,  in 
which  cotton,  blotting  paper,  or  other  absorbent  material  have  been 
used  to  hold  the  nitroglycerin  forced  out  from  the  explosive.  The 
pressure  test  is  unreliable  and  hence  is  not  satisfactory  in  use.  For 
example,  by  this  test  an  explosive  that  contains  a  certain  amount  of 
a  mixture  of  sawdust  and  wood  pulp  shows  less  exudation  than  one 
in  which  the  same  amount  of  absorbent  is  used  in  the  form  of  wood 
pulp  alone,  a  result  that  is  clearly  incorrect,  since  the  absorbing 
power  of  wood  pulp  is  much  greater  than  that  of  sawdust.  The  reason 
for  the  more  favorable  result  when  the  absorbent  contains  sawdust  is 
that  the  particles  of  sawdust  are  packed  together  to  form  a  cellular 
mass,  which  incloses  the  particles  of  wood  pulp  holding  the  nitro- 
glycerin, thereby  in  a  great  measure  protecting  them  from  pressure. 

CBNTRXTUOAL  TEST  FOR   EXUDATION. 

The  use  of  centrifugal  force  as  a  means  of  measuring  the  complete- 
ness with  which  nitroglycerin  is  absorbed  in  an  explosive  was  some 
years  ago  suggested  to  Col.  B.  W.  Dunn,  chief  inspector  of  the  bureau 
for  the  safe  transportation  of  explosives,  by  T,  J.  Wrampelmeier,  an 
inspector  in  that  bureau,  and  a  device  for  testing  the  value  of  this 
method  was  made  use  of  by  C.  P.  Beistle,"  chief  chemist  of  that 
bureau.  The  method  employed  was  to  place  the  explosive,  together 
with  a  perforated  disk  of  vulcanite  and  an  absorbent  material  such 
as  cotton,  within  a  glass  tube,  the  tube  being  then  placed  in  a  cen- 
trifuge. The  increase  in  weight  of  the  cotton  after  rotation  was 
taken  as  a  measure  of  the  amount  of  nitroglycerin  lost  by  the  explo- 
sive during  the  process.  This  apparatus  gives  much  more  satisfac- 
tory results  than  the  former  methbds  of  testing  by  pressure  alone,  but 
owing  to  the  fact  that  the  cotton  becomes  compressed  during  rotation, 
thus  changing  the  position  of  the  vulcanite  disk,  the  apparatus  at 
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times  gives  discordant  results,  and  the  figures  from  tests  of  any  two 
explosives  are  not  proportional  to  the  relative  tendency  toward  leakage 
of  nitroglycerin  under  normal  conditions. 

One  of  the  authors  designed  a  centrifuge  attachment  which  is  now 
being  used  with  reliable  results  by  the  Bureau  of  Mines.  This  appa- 
ratus is  shown  in  Plate  I,  A.  Two  samples  of  the  explosive  are  placed 
in  ordinary  porcelain  Gooch  crucibles,  without  mat,  the  crucibles  being 
held  above  two  other  nonperforated  crucibles  in  the  manner  shown. 
A  small  amount  of  cotton  is  placed  in  each  of  the  lower  crucibles  to 
receive  the  exuded  nitroglycerin,  and  the  loss  by  exudation  is  deter- 
mined by  weighing  the  crucibles  containing  the  explosive  before  and 
after  rotation.  The  circle  of  rotation  made  by  the  bottom  of  the 
crucibles  is  14  cm.  in  diameter,  and  the  standard  velocity  of  rotation  is 
600  revolutions  (30  turns  of  the  handle)  per  minute.  The  usual  test 
consists  in  placing  8  grams  of  explosive  in  each  of  the  upper  crucibles, 
and  determining  the  loss  in  weight  after  rotating  at  the  velocity  of 
600  revolutions  per  minute  for  5  minutes  at  a  temperature  of  about 
20^  C.  If  the  explosive  does  not  lose  more  than  5  per  cent  in  weight 
it  is  considered  to  have  satisfactory  absorbing  capacity,  but  if  more 
than  5  per  cent  is  lost  its  absorbent  properties  are  considered  defi- 
cient, and  in  the  transportation  or  use  of  such  an  explosive  there  is 
considered  to  be  liability  of  accident. 

TEST   FOR  STABILITY. 

Many  tests  have  been  proposed  for  determining  the  stability  of 
explosives  under  the  influence  of  heat,  and  much  has  been  written  in 
regard  to  the  comparative  accuracy  of  these  different  tests.  This 
field  is  now  being  investigated  by  the  bureau,  and  a  special  report 
thereon  will  be  issued.  At  present  all  mining  explosives  examined 
by  the  bureau  are  tested  for  stability  by  means  of  the  Abel  heat  test. 

▲BEL  TBBT. 

The  Abel  stability  test  depends  upon  the  fact  that  when  potassium 
iodide  is  decomposed  in  the  presence  of  starch,  the  iodine  liberated 
reacts  with  the  starch  to  form  a  colored  body.  The  explosive  to 
be  tested  is  placed  in  a  stoppered  test  tube  and  heated  in  a  constant- 
temperature  bath  until  the  oxides  of  nitrogen  liberated  as  de- 
composition products  make  a  brownish  color  on  a  strip  of  potassium 
iodide  starch  paper  suspended  in  the  tube  above  the  explosive. 
The  stability  of  the  explosive  is  judged  by  the  time  required  for  the 
production  of  a  coloration  of  a  standard  intensity.  The  apparatus 
used  in  the  Abel  test  is  illustrated  in  Plate  I,  A, 

Two  grams  of  explosive  in  its  original  condition,  without  prelimi- 
nary drying  or  preparation  other  than  thorough  mixing,  ia  placed  in 
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a  glass  tube.  The  tube  is  of  standard  dimensions  as  follows :  Length, 
14  cm.  (5^  inches);  inside  diameter,  not  less  than  1.27  cm.  (^  inch); 
outside  diameter,  not  more  than  1.59  cm.  (f  inch);  thickness  of  the 
glass,  about  1.2  nun.  (^  inch).  The  tube  is  closed  by  a  clean, 
tightly  fitting  cork  stopper,  through  which  passes  a  glass  rod  pro- 
vided with  a  platinum  hook,  fused  into  the  lower  end  for  holding  the 
test  paper.  The  test  papers,  in  pieces  about  2.5  cm.  (1  inch)  by  1.0 
cm.  (f  inch),  are  hung  on  the  platinum  hooks  (forceps  being  used 
in  handling)  and  the  upper  half  of  each  strip  of  test  paper  is 
moistened  with  a  solution  of  equal  volumes  of  pure  glycerin  and 
water. 

The  test  paper  used  is  potassium  iodide  starch  paper,  similar  to 
that  prepared  by  Eimer  &  Amend  (Frankford  Arsenal  formula),  or 
prepared  by  a  standard  method  as  described  below.  The  heat-test 
bath  is  placed  so  that  a  good  light — not  direct  sunlight — ^is  trans- 
mitted through  the  test  papers  to  the  operator.  The  bath  tempera- 
ture is  maintained  constant  within  0.5^  C.  of  the  desired  temperature 
(71^  C),  the  thermometer  being  so  immersed  that  the  bottom  of  the 
bulb  is  2}  inches  below  the  top  of  the  bath. 

All  determinations  are  made  in  duplicate.  The  shorter  time 
required  to  bring  one  of  the  two  test  papers  to  the  prescribed  tint 
determines  the  test  of  the  explosive,  except  in  case  of  wide  variation 
in  results,  when  two  or  more  additional  samples  are  tested. 

After  each  test  the  cork  stopper  of  each  tube  is  either  discarded  or 
carefully  washed  and  dried  and  in  any  case  is  frequently  renewed. 
The  tube  and  the  rod  are  carefully  cleaned  after  each  test,  ether  or 
other  solvent  being  used  to  remove  nitroglycerin,  etc.  They  are 
then  washed  with  water,  and  finally  rinsed  with  distilled  water. 
All  the  parts  of  the  apparatus  are  dried  in  a  steam  oven  at  100^  C. 
The  apparatus  is  at  all  times  protected  from  laboratory  fumes. 

The  tube  is  inserted  to  a  depth  of  2}  inches  below  the  top  of  the 
bath,  the  water  in  the  bath  being  within  one-fourth  inch  of  the  top. 
The  time  of  placing  the  tube  in  the  bath  is  recorded,  and  the  test  is 
considered  completed  on  the  appearance  of  a  brownish  line  at  the 
lower  edge  of  the  moist  portion  of  the  paper,  of  the  same  intensity  as  the 
line  on  a  standard-tint  paper  prepared  as  described  below.  It  should 
be  noted,  however,  that  Hie  brownish  color  on  the  test  paper  may  at 
times  be  spread  over  a  considerable  portion  of  the  paper,  not  forming 
a  sharp,  well-defined  line.  The  operator  should  judge  what  would 
be  equivalent  to  the  standard  tint  over  a  width  of  one-half  to  1  mm. 

Caramd  standard  tint  paper.* — The  tint  paper  used  as  a  standard 
color  comparator  for  the  test  is  made  as  follows :  A  solution  of  caramel 
in  distilled  water  is  prepared,  of  such  concentration  that  when 
diluted  to  100  times  its  volume  (10  c.  c.  diluted  to  1  liter)  the  tint  of 
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the  solution  equals  that  produced  by  the  Nessler  test  on  adding  2  c.  c. 
of  Nessler  reagent  to  100  c.  c.  of  water  containing  0.000075  gram  of 
NHj,  or  0.0002305  gram  of  NH^  CI.  With  a  fine  brush  or  pen  dipped 
into  this  caramel  solution  fine  lines  are  drawn  on  strips  of  filter  paper 
(Schleicher  and  Schtill,  597).  These  strips  are  cut  to  the  size  of  the 
regular  test  papers  (1  inch  by  |  inch)  so  that  the  brown  line  crosses 
each  piece  near  the  middle  of  its  length.  The  line  should  be  ^  to 
1  mm.  in  width  when  dry.  A  piece  of  this  standard  tint  paper 
should  be  placed  in  an  empty  tube  beside  those  being  tested,  so  that 
a  comparison  of  color  may  be  made. 

Preparation  of  teat  paper  for  Ahd  test.^ — The  paper  used  in  pre- 
paring the  test  paper  is  Schleicher  and  SchtUPs  filter  paper  597. 
This  is  cut  in  strips  about  6  by  24  inches,  and  after  being  washed  by 
immersing  each  strip  in  distilled  water  for  a  short  time  is  hung  up  to 
dry  overnight.  The  cords  on  which  the  paper  is  hung  are  clean 
and  the  room  is  free  from  fumes.  The  washed  and  dried  paper  is 
dipped  in  a  solution  prepared  as  follows: 

The  best  quality  of  potassium  iodide  obtainable  is  recrystallized 
three  times  from  hot  absolute  alcohol;  dried,  and  1  gram  dissolved 
in  8  ounces  of  distilled  water.  Cornstarch  is  well  washed  by  decanta- 
tion  with  distilled  water,  dried  at  a  low  temperature,  3  grams  rubbed 
into  a  paste  with  a  little  cold  water,  and  poured  into  8  ounces  of 
boiling  water  in  a  flask.  After  being  boiled  gently  for  10  minutes, 
the  starch  solution  is  cooled  and  mixed  with  the  potassium  iodide 
solution  in  a  glass  trough. 

Each  strip  of  filter  paper  is  immersed  in  the  above-mentioned 
mixture  for  about  10  seconds  and  is  then  hung  over  a  clean  cord  to 
dry.  The  dipping  is  done  in  a  dim  light  and  the  paper  left  overnight 
to  dry  in  a  perfectly  dark  room.  Every  precaution  is  taken  to 
insure  freedom  from  contamination  in  preparing  the  materials  and 
from  laboratory  fumes  that  might  cause  decomposition.  When 
dry  the  paper  is  cut  into  pieces  about  }  by  1  inch  and  is  preserved 
in  the  dark  in  tight  glass-stoppered  bottles,  the  edges  of  the  large 
strips  being  first  trimmed  off  about  one-fourth  inch  to  remove  {>or- 
tions  that  are  sometimes  slightly  discolored.  When  properly  pre- 
pared the  finished  paper  is  perfectly  white,  any  discoloration  indi- 
cating decomposition  due  to  contamination. 

SAHPLINa. 

The  first  step  to  be  taken  in  the  analysis  of  dynamite,  as  with  any 
other  material,  is  the  careful  preparation  of  a  sample.  Dynamite 
is  offered  in  commerce  in  the  form  of  cylindrical  ''sticks"  or  cai^ 
tridges,  usually  three-fourths  inch  to  1^  inches  in  diameter  and  8 
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inches  long.  For  special  work  dynamite  is  made  in  cartridges  up  to 
5  inches  in  diameter,  but  owing  to  restrictions  in  railroad  trans- 
portation the  length  of  cartridges  of  dynamite  does  not  vary  greatly, 
and  cartridges  over  8  inches  long  are  unusual. 

A  cartridge  of  dynamite  consists  of  a  c  vering  of  paper,  some- 
times waxed  or  parchmentized  and  often  coated  with  paraffin,  within 
which  the  dynamite  is  more  or  less  tightly  packed  to  give  it  the 
density  desired.  In  the  manufacture  of  dynamite  the  paper  ''shell" 
is  first  made,  and  is  then  packed  with  the  explosive,  after  which  the 
cartridge  is  sometimes  ''redipped,"  by  which  is  meant  that  the 
cartridge  is  plunged  into  a  bath  of  paraffin  heated  slightly  above  its 
melting  point.  The  paraffin  closes  any  opening?  in  the  wrapper  and 
tends  to  make  the  cartridge  waterproof.  This  operation  of  ''redip- 
ping"  is  of  interest  in  connection  with  the  analysis  of  explosives 
chiefly  because  of  the  opportunity  it  affords  for  the  entrance  of 
paraffin  into  the  explosive.  When  a  paper  shell  is  not  perfectly 
made  some  paraffin  is  apt  to  find  its  way  through  the  paper  shell 
and  be  absorbed  by  the  wood  pulp.  In  sampling,  care  should 
always  be  taken  to  remove  any  paraffin  that  has  found  access  through 
the  ends  of  the  cartridge,  since  obviously  such  paraffin  is  not  to  be 
considered  as  a  normal  constituent  of  the  explosive,  and  care  should 
also  be  taken  in  unwrapping  the  cartridge  to  prevent  scales  and 
flakes  of  paraffin  from  becoming  mixed  with  the  sample. 

The  best  method  of  sampling  consists  in  opening  the  wrapper  of 
each  cartridge,  spreading  it  out  and  cutting  oflP  from  3  to  5  cm.  from 
each  end  of  the  roll  of  explosive  thus  exposed.  These  ends  are 
rejected  and  the  remainder  carefully  broken  up  to  form  a  homoge- 
neous mass.  When  a  sample  representing  a  large  quantity  of  pow- 
der— for  example,  a  day's  '  utput  of  a  factory — is  to  be  prepared,  a 
number  of  cartridges  are  taken  fr^m  different  mixings,  the  central 
portions  of  each  cartridge  are  selected  in  the  manner  described,  and 
these  portions  are  finely  broken  up  in  a  large  porcelain  evaporating 
dish  or  on  a  sheet  of  paraffined  paper.  The  mass  is  carefully  stirred 
with  a  clean  spatula,  or  is  rolled  from  side  t^  side  upon  the  paraffined 
paper  in  the  manner  usually  followed  in  preparing  a  sample  of  ore 
for  assay.  The  stirring  of  the  sample,  or  its  rolling  back  and  forth 
upon  the  paraffined  paper,  should  occupy  not  less  than  five  minutes, 
and  the  best  results  are  obtained  from  such  sampling  when  the 
explosive  has  been  previously  broken  up  to  as  fine  a  meal  as  possible 
by  crumbling  in  the  fingers  or  by  gentle  pressure  with  the  spatula. 
A  spatula  suitable  for  this  purpose  is  made  of  horn,  or  of  wood 
saturated  with  paraffin  so  that  it  will  not  absorb  nitroglycerin. 

From  the  large  sample  prepared  as  described  a  sample  of  50  to 
100  grams  is  taken  by  selecting  small  portions  from  different  parts 
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of  the  mixed  material^  mixing  these  portions,  and  placing  the  mix- 
ture in  the  sample  bottle. 

In  preparing  a  sample  of  dynamite  there  are  several  factors  that 
must  be  constantly  borne  in  mind.  If  a  thoroughly  mixed  sample 
is  prepared  and  allowed  to  remain  for  some  time  in  a  sample  bottle, 
a  segregation  occurs,  and  the  lower  portions  of  the  material  in  the 
sample  bottle  become  richer  in  nitroglycerin  at  the  expense  of  the 
upper  portions.  In  some  dynamites,  particularly  one  that  contains 
almost  as  much  nitroglycerin  as  its  absorbent  base  can  hold,  this 
change  occurs  rapidly,  and  may  make  a  difference  of  several  per  cent 
in  a  few  days.  The  tendency  to  segregate  is  greatest  in  a  tall  bottle, 
and  is  favored  by  warmth,  the  action  taking  place  several  times  as 
rapidly  at  30^  C.  as  at  20^  C.  An  indication  of  the  amount  of  segre- 
gation that  is  possible  in  dynamite  is  seen  from  the  results  of  the  fol- 
lowing experiment: 

A  sample  of  dynamite  was  prepared  by  carefully  breaking  up  and 
sampliag  two  sticks  of  60  per  cent  dynamite,  about  300  grams  being 
taken  and  placed  in  an  ordinary  bottle  of  250  c.  c.  capacity  (diameter 
about  6  cm.,  height  about  14  cm.).  At  the  time  the  sample  was 
placed  in  the  bottle  the  analysis  of  the  material  gave  the  following 
results: 

Analyais  of  60  per  cctU  dynamite. 

[W.  C.  Cope,  analyst.] 

PoroMit. 

Moisture 1.40 

Nitroglycerin 60. 60 

Potassium  nitrate 18. 64 

Calcium  carbonate 1. 25 

Wood  pulp 18.11 

At  the  end  of  10  days'  exposure  to  a  temperature  of  32®  to  33**  C. 
(average,  32.5®  C.)  samples  were  taken  from  the  top,  middle,  and 
bottom  of  the  material  in  the  bottle,  and  the  following  results  were 
obtained: 

Analyses  of  different  parts  of  exposed  sample  of  60  per  cent  dynamite, 

[W.  C.  Cope,  analyst.] 


CoDStltiients. 


Moisture , 

Nitroclycorin 

Potassium  nitmte. 
Calcium  carbonate 
Wood  piilp 


Sample 
from  top. 


PereefU. 

1.25 
50.46 
10.91 

1.37 
18.01 


Sample 

from 
middle. 


Percent 

1.16 

60.55 

18.44 

1.33 

u.5a 


Sample 

fraui 
bottom. 


PereemL 

1.17 

62.86 

17.43 

l.» 

17.9 
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Another  experiment  was  made  to  iUustrate  segregation  in  cartridges 
themselves. 

Whole  cartridges  of  40  per  cent,  45  per  cent,  and  60  per  cent  dyna- 
mite were  placed  upright  (on  end)  in  a  constant-temperature  oven  at 
40®  for  a  period  of  four  weeks,  the  cartridges  being  supported  by 
small  wire  tripods  within  glass  cylinders.  .Pinholes  were  punched  in 
the  bottom  of  the  wrappers  to  allow  the  escape  of  any  accumulation 
of  Ditroglycerin,  but  no  such  leakage  occurred. 

At  the  end  of  four  weeks  samples  were  taken  from  the  top  and 
bottom  of  each  cartridge,  each  sample  representing  about  a  2-inch 
length  of  cartridge.  The  following  results  of  analyses  of  these 
samples  show  the  segr^ation  of  the  nitroglycerin: 

Afidlf9e8  of  parti  o/aaMples  of  dynamite  left  standing  on  end  for /our  weeJu  at  40^  C, 

[J.  H.  Hunter,  analyst.] 


Grade  of  dynamite,  per  cent. 


Part  of  cartridge  sampled. 


Top 

Bottom. 


eo 


Nitroglycerin. 


Per  cent. 
38.20 
40.06 


Per  cent. 
45.07 
47.96 


Percent. 
57.27 
6;J.26 


From  the  above  described  experiments  it  will  be  seen  that  the 
sampling  of  dynamite  involves  problems  not  met  in  the  preparation 
of  ore  for  assay. 

To  determine  any  possible  segregation  due  to  nitroglycerin  adhering 
to  the  dish  in  which  a  sample  is  mixed,  500  grams  of  dynamite  was 
mixed  in  a  large  evaporating  dish,  and,  when  thorough  mixing  had 
been  effected,  was  poured  on  a  piece  of  paraffined  paper.  An  analy- 
sis was  then  made  of  the  large  sample  upon  the  paraffined  paper,  and 
the  material  adhering  to  the  sides  of  the  evaporating  dish  was 
removed  by  means  of  ether  and  analyzed.  It  was  found  that  there 
was  little  difference  between  the  composition  of  the  two  samples.  It 
has  been  suggested  that  considerable  changes  in  the  moisture  content 
of  dynamite  can  occur  during  sampling,  but  this  opinion  does  not  seem 
correct.  In  the  factory  dynamite  is  usually  mixed  in  an  open  mixer 
exposed  to  the  atmosphere;  consequently  the  percentage  of  moisture 
taken  up  or  lost  in  the  short  length  of  time  that  the  explosive  is 
exposed  to  the  air  during  sampling  should  be  proportional  only  to 
the  difference  between  the  hygrometric  condition  of  the  air  at  the 
time  the  dynamite  was  made  and  that  at  the  time  it  was  sampled. 
To  investigate  this  question  further  an  experiment  was  made  as 
follows: 

Two  cartridges  of  one-half  pound  (226  grams)  each  were  mixed 
together  quickly,  and  with  as  little  exposure  to  the  air  as  possible. 
This  original  sample  was  found  to  contain  1.10  per  cent  moisture. 
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A  100-gram  portion  of  this  large  sample  was  then  mixed  on  a  large 
watch  glass  for  10  minutes  on  a  damp  day  when  the  humidity  of 
the  air  as  determined  by  hygrometer  readings  was  75  per  cent. 
Another  100-gram  portion  was  similarly  treated  on  a  dry  day  when 
the  humidity  was  only  19  per  cent.     Determinations  of  moisture 

were  then  made  on  these  two  portions  with  the  following  results: 

« 

Eff€dL  ofeacpoavre  during  wmpling  on  moiiturt  eonient  cf  dynamite. 


Trastment  of  flunptou 


Moiftun. 


Withou  t  undue  expomm 

Stirred  10  minutes  in  moist  atmosphere, 
stirred  10  minutes  in  dry  atmosphere. . . 


PereemU 
LIO 
1.25 
1.10 


From  these  results  it  will  be  seen  that  the  condition  of  the  atmos- 
phere has  little  effect  on  the  moisture  content  of  a  sample  when  the 
sampling  is  done  with  reasonable  dispatch  and  when  atmospheric 
conditions  are  not  abnormal. 

CHEMICAL  EXAHIKATION. 
QUAIJTATiyE   EXAMINATION. 

When  no  information  is  available  as  to  the  class  to  which  an  explo- 
sive to  be  analyzed  belongs,  a  complete  qualitative  analysis  is  desir- 
able, so  that  the  proper  methods  of  quantitative  separation  may  be 
followed. 

For  the  qualitative  examination  of  a  d3mamite  of  any  type  a  sam- 
ple of  20  to  25  grams  is  most  convenient.  The  sample  is  placed  in  a 
1-inch  test  tube,  which  is  then  filled  to  about  two-thirds  of  its  depth 
with  ether,  stoppered,  and  well  shaken.  The  ether  is  decanted 
through  a  filter  paper  and  fresh  ether  is  added  to  the  tube.  This 
treatment  is  repeated  several  times,  and  the  residue  is  finally  trans- 
ferred to  the  filter  and  again  washed  with  fresh  ether.  After  the 
ether  is  drained  off,  the  filter  paper  with  its  contents  is  removed 
from  the  funnel,  spread  out  on  a  glass  plate,  and  placed  in  a  drying 
oven  for  a  short  time  until  nearly  all  the  ether  has  evaporated.  The 
dry  residue  is  transferred  from  the  filter  back  to  the  test  tube,  and  is 
then  ready  for  treatment  with  cold  water,  to  remove  the  water- 
soluble  constituents. 

The  ether  solution  is  evaporated  on  a  steam  bath  or  electric  heater 
at  a  low  temperature  until  all  odor  of  ether  has  disappeared.  If 
the  evaporation  has  caused  the  deposition  of  water  in  the  beaker 
with  the  extract,  this  water  is  removed  by  placing  the  beaker  in  a 
vacuum  desiccator  for  an  hour  or  two.  The  presence  of  nitro- 
glycerin is  readily  noted,   the   characteristic   oily   appearance   of 
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nitrogfycerin  and  its  viscosity  serving  to  identify  it.    A  convenient 
chemical  test  is  to  mix  a  drop  of  the  heavy  liquid,  supposed  to  be 
mtroglyceriny  with  1  or  2  c.  c.  of  concentrated  sulphuric  acid  in  a 
test  tube,  and  then  to  add  about  1  c.  c.  of  mercury.     No  stopper  of 
any  sort  should  be  placed  in  the  tube,  but  it  should  be  shaken  quickly 
from  side  to  side  so  as  to  cause  intimate  contact  of  the  mercury  with 
the  acid  mixture.     For  1  or  2  minutes  little  effect  will  be  observed, 
but  after  a  short  time  there  will  be  noted,  if  the  material  under 
examination  is  nitroglycerin,  the  evolution  of  bubbles  of  gas  from 
the  liquid  at  the  point  where  it  comes  in  contact  with  the  mercury, 
and  the  characteristic  smell  of  nitrogen  oxides  will  be  noted.    The 
nitric  oxide  (NO)  produced  is  colorless,  but  upon  coming  in  con- 
tact with  the  air  it  turns  red  or  reddish-brown,  forming  nitrogen 
peroxide  (NO,).     A  simpler  test  for  the  presence  of  nitroglycerin, 
though  by  no  means  so  satisfactory  as  the  one  just  described,  con- 
sists in  taking  up  a  small  amount  of  the  liquid  in  a  capillary  glass 
tube,  and  holding  it  cautiously  in  a  flame.     A  strong  detonation 
will  result  if  the  liquid  is  nitroglycerin.     It  is  of  course  evident  that 
there  should  be  not  more  than  a  tiny  fraction  of  a  drop  of  nitro- 
glycerin used  in  such  a  test,  the  best  results  being  obtained  when 
a  very  thin  and  small  capillary  is  used,  containing  not  more  than 
0.01  of  a  drop  of  the  liquid  tested. 

If  sulphur  is  present  in  the  ether  extract  it  will  crystalize  in  needles 
or  small  granular  masses  in  the  residue  upon  the  evaporation  of  the 
ether.  The  crystals  of  sulphur  can  be  removed,  washed  free  from 
nitroglycerin  with  a  little  acetic  acid  (70  per  cent  or  glacial),  after 
which  they  should  be  washed  with  water,  dried,  and  heated  over  a 
flame.  The  odor  of  sulphur  dioxide  (SO3)  will  identify  the  crystals 
as  sulphur.  Trinitrotoluene  appears  as  long  yeUowish  needles, 
which  may  be  recrystallized  from  alcohol  and  identified  by  their 
melting  point  (80®  C),  or  by  the  color  test  with  potassium  or  sodium 
hydroxide.*  This  color  test  is  valuable  as  a  means  of  identifying 
many  of  the  nitrosubstitution  products,  although  in  a  mixture  the 
color  produced  by  one  constituent  may  completely  hide  the  others. 
For  example,  the  wine-red  color  obtained  from  trinitrotoluene  may 
prevent  the  identification  of  other  nitrocompounds  that  maybe 
present.  The  test  may  be  made  directly  on  a  portion  of  the  ether 
extract,  since  the  presence  of  nitroglycerin  does  not  in  any  way 
interfere.  The  sample  under  examination  is  dissolved  in  2  to  3  c.  c. 
of  acetone  or  methyl  alcohol,  and  a  few  drops  of  10  per  cent  potas- 
sium or  sodium  hydroxide  added.  The  characteristic  colors  pro- 
duced by  various  nitrosubstitution  compounds  are  shown  in  the 
table  following. 

•  Oody,  L.,  TnJte  th^orique  et  pratique  des  matttves  explosives,  1007,  p.  509. 
«77»*— BuU.  61—13 2 
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Color  reactions  of  nitronibstUtUion  products  with  alkalies. 


Bubstanoe. 


Manonltrobenxene . 
Dinitrobenzene 


Trinitrobensene. 


Monoiiitrotoluene  Tortho). 
MononitrotolueDe  (meta) . 
Mononitrotoluene  (para).. 
Dinitrotoluene 


TrinitrotohieDe 

MononitTonaDhthalene. 
Dinltronaphtnalene .... 
Trlnitronaphthalene. . . 
Tetranitronapbthalene. 
Picric  acid 


Fom. 


Liquid. 
Crystal. 


.do. 


Liquid.. 
CrystaL. 

do.. 

do.. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Color  of  aolutton. 


Colorless 

Faint  yellow . 

Colorless  to 

yellow. 
do , 

■  •  •  •  •  \a"«  «  •  •  •  •  •  I 

do 

do 


pale 


do 

do 

Pale  yellow... 

do 

do 

Golden-yellow. 


Result  of  addition  of  alkaline 
aolutton. 


No  effect. 

Purple-roae,  turning  to  deep 

claxet. 
Rich  purple-brown. 

No  effect. 

Slight  yellow. 

No  effect. 

Gradual  evolution  of  anm 

blue  on  standing. 
Deep  wlne'ied  brown. 
No  effect. 
Reddish-yellow. 
Bright  scarlet. 
Reddish-yellow. 
Precipitate    of    crystals    of 

potassium  piciate  (orange). 


Rosin,  vaseline,  paraffin,  oils,  etc.,  are  found  in  the  extract,  after 
evaporation  of  the  ether,  as  a  dark-colored,  greasy  mass  on  the  sur- 
face of  the  nitroglycerin  or  adhering  to  the  walls  of  the  beaker. 
Small  amounts  of  resins  and  oils  are  generally  found  in  the  extracts 
from  ordinary  dynamite,  these  being  normal  constituents  of  the 
wood  pulp,  flour,  or  similar  absorbents.  The  amount  of  such  mate- 
rials present  is  usually  too  small  to  be  of  any  importance,  and  where 
only  small  traces  are  found  they  may  best  be  disregarded.  If  it  is 
desired  to  identify  such  materials  the  method  for  quantitative 
determination  described  later  may  be  followed. 

The  water  solution  is  examined  for  sodium,  potassium,  ammonium, 
zinc,  the  nitrate  ion,  etc.  The  qualitative  and  quantitative  tests  for 
these  elements  are  discussed  fully  in  all  textbooks  of  analysis,  and 
accordingly  need  not  be  repeated  here.  In  ordinary  qualitative 
work  the  writers  have  found  the  ring  test  for  nitrates,  with  the  use 
of  the  nitrometer  in  any  doubtful  case,  to  be  most  satisfactory; 
potassium  and  sodium  are  best  identified  by  the  color  they  impart 
to  the  flame  of  the  Bunsen  burner,  viewed  through  at  least  two 
thicknesses  of  cobalt  glass.  The  best  test  for  ammonium  is  the 
evolution  of  ammonia  by  reaction  with  calcium  oxide  or  sodium 
hydroxide.  Small  quantities  of  iron,  aluminum,  chlorides,  sul- 
phates, etc.,  are  generally  found  in  all  dynamites  as  impurities  from 
the  raw  materials  used. 

The  residue  insolubje  in  water  is  treated  with  cold  dilute  hydro- 
chloric acid;  effervescence,  if  noted,  is  an  indication  of  the  presence 
of  a  carbonate,  and  the  usual  tests  are  then  made  for  CO,.  The  acid 
extract  after  filtering  is  tested  for  calcium,  magnesium,  zinc,  etc., 
whose  carbonates  or  oxides  may  have  been  present  in  the  powder  as 
antacids. 

The  residue  insoluble  in  water  and  dilute  acid  is  best  examined 
under  the  microscope,  a  magnification  of  30  to  50  diaqieters  being 
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most  convenient  for  all  ordinary  work.  The  identification  of  starch, 
cereal  products,  wood  pulp,  sawdust,  kieselguhr,  nitrocellulose,  etc.,  is 
discussed  in  another  part  of  this  paper. 

A  starch  test  is  readily  made  by  heating  a  portion  of  the  mate- 
lial  to  boiling  with  dilute  acid,  cooling  and  adding  a  drop  of  iodine 
solution,  this  operation  producing  an  intense  blue  coloration  if 
starch  is  present. 

DETERMINATION  OF  MOISTURE. 

The  moisture  present  in  dynamite  may  be  determined  in  the  fol- 
lowing ways: 

(a)  By  drying  in  a  desiccator  over  sulphuric  acid,  calcium  chloride, 
or  other  suitable  drying  agent  without  vacuum. 

(i)  By  drying  in  a  desiccator  with  vacuiun. « 

ie)  By  passing  dry  air  through  the  sample. 

These  methods  have  been  carefully  studied,  and  the  first  method, 
dxyiog  over  sulphuric  acid  in  a  desiccator,  has  been  found  to  have 
the  widest  application,  and  to  be  the  most  desirable  in  the  analysis 
of  explosives.  In  the  determination  of  moisture  in  a  sample  of 
dynamite  a  number  of  important  factors  should  be  considered  in 
order  that  accurate  results  may  be  obtained.  The  we%ht  of  the 
sample,  the  manner  in  which  the  sample  is  spread  upon  the  watch 
glass,  the  size  and  type  of  desiccator,  the  exposed  area  of  the  desic- 
cating agent,  as  well  as  its  quantity  and  condition  and  the  tem- 
perature at  which  the  desiccation  is  carried  out — all  have  an  important 
bearing  on  the  loss  of  weight  resulting  from  desiccation,  and  unless 
care  is  taken  moisture  determinations  made  at  different  times  on  the 
same  sample  of  dynamite  will  frequently  give  somewhat  different 
results,  owing  to  the  slight  variations  in  some  of  the  above-named 
factors. 

Preliminaiy  studies  were  made  to  determine  the  amount  of  dyna- 
mite that  is  most  suitable  for  the  determination  of  moisture,  and  the 
thickness  with  which  the  sample  should  be  spread  upon  the  watch 
glass.  The  results  of  these  tests  showed  that  a  sample  of  less  than 
2  grams  of  explosive  is  unsatisfactory,  owing  to  the  errors  intro- 
duced, for  example,  by  particles  of  material  being  carried  away  by 
the  air  during  weighing,  or  upon  opening  the  desiccator.  When 
more  than  2  grams  of  sample  was  taken  the  length  of  time  required 
U)  effect  thorough  drying  was  unduly  long;  and  consequently  2 
grams  of  material,  spread  evenly  on  the  concave  surface  of  a  3-inch 
watch  glass,  was  deemed  the  best  amount  for  the  determination. 
When  only  one  or  two  analyses  have  to  be  run  at  a  time,  it  is  con- 
venient to  use  a  separate  5  or  6  inch  desiccator  for  each  sample,  the 
bottom  of  the  desiccator  containing  about  50  to  75  c.  c.  of  concen- 
trated sulphuric  acid,  and  the  watch  glass  being  held  by  a  triangle 
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at  a  convenient  and  suitable  distance  above  the  acid.  Objections 
have  been  raised  ^  to  the  use  of  sulphuric  acid  as  a  desiccating  agent 
in  the  determination  of  moisture  in  dynamite.-  The  experience  of 
the  writers  has  shown  these  objections  to  be  without  grounds. 

When  a  number  of  determinations  are  being  made  at  the  same 
time  it  is  convenient  to  use  larger  desiccators,  and  the  10-inch  size  has 
been  found  to  be  satisfactory,  five  watch  glasses  being  conveniently 
held  at  one  time  in  such  a  desiccator. 

IN  ORDINABY  DBSICCATOSfl. 

The  period  required  for  desiccation  of  a  sample  of  dynamite  in 
an  ordinary  desiccator  is  about  3  days  or  72  hours.  The  first  12 
hours  within  the  desiccator  reduces  the  moisture  content  to  a  very 
low  percentage,  but  it  has  been  found  desirable  to  allow  all  samples 
to  remain  a  further  period  of  60  hours,  as  the  remainder  of  the  moistiu'e 
is  slowly  removed.  The  loss  in  weight,  at  the  end  of  three  days, 
of  the  2-gram  sample  of  dynamite  on  the  watch  glass  is  taken  as 
moisture.  After  three  days'  drying,  small  amounts  of  moisture  are 
still  present,  particularly  in  the  wood  pulp,  but  drying  longer  than 
three  days  has  not  been  found  desirable  in  ordinary  analytical  work. 
By  long-continued  desiccation,  over  either  calcium  chloride  or 
sulphuric  acid,  a  further  gradual  loss  occurs  which  is  evidently  due 
to  volatilization  of  nitroglycerin,  and  the  amount  of  this  loss  varies 
with  the  temperature.  Taking  the  loss  of  weight  at  the  end  of  three 
days  as  representiag  moisture  has  been  found  to  give  uniform  results 
in  the  case  of  dynamites  of  most  varied  composition,  and  has 
been  adopted  in  the  bureau's  laboratory  as  a  standard  method, 
although  it  is  impossible  to  say  that  at  the  end  of  any  definite  time 
all  moisture  has  been  removed  from  the  sample  and  that  further  loss 
is  due  to  volatilization  of  nitroglycerin. 

Care  should  always  be  taken  to  spread  the  sample  in  a  thin  and 
uniform  layer  over  nearly  the  entire  surface  of  the  watch  glass,  and 
the  spreading  should  be  done  as  quickly  as  possible  to  prevent 
undue  exposure  to  the  atmosphere.  Experiments  in  which  different 
sizes  of  desiccators  (4-inch  to  9-inch)  were  used  showed  that  the  rate 
of  dr3ring  increased  as  the  ratio  of  acid  surface  to  powder  surface 
increased,  but  that  in  three  days  the  loss  in  all  cases  was  practically 
the  same.  The  effect  of  such  variation  is  shown  in  the  following 
table  of  results  of  tests  of  explosives  containing  amounts  of  moisture 
greater  than  that  in  ordinary  dynamite.  The  table  also  shows  a 
comparison  between  the  efficiencies  of  two  types  of  desiccators — 
the  Scheibler,  or  ordinary  type,  which  contains  the  acid  in  the  bot- 

«  Gody,  L.,  Tralte  th<k)rlque  et  prutlque  des  matitees  explosives,  1907,  p.  382;  Guttmann,  O.,  SdJeas. 
and  Sprengmittel,  1900,  p.  162. 
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torn  below  the  sample^  and  the  Hempel  type  m  which  the  acid  is 
contained  in  the  top  or  cover,  above  the  sample.  With  an  acid  sur- 
face about  75  per  cent  as  great  as  in  the  ordinary  type  the  Hempel 
desiccator  appears  to  be  slightly  more  efficient  than  the  Scheibler. 

Rmulti  of  mouture  deUrminaticni  ihowing  efect  of  vosriai^afa  in  acid  surface  and 

in  type  of  aeeiccator. 


Typecfdeakeator. 


Bias  of  dniocft  tor . 


Ana  of  add  nsftoe  (approximate). 


Name  of  explosive. 


Explodve  A«.., 


ExpiflrivvB*. 


Scheibler. 


4-inch. 


7  square 
inches. 


Scheibler. 


(Mnch. 


fiO  square 
indies. 


Hempel 


6-inoh. 


SSaquare 
inches. 


Moisture  content  determined  by 
loss  of  weight. 


Percent, 

Percent. 

6.73 

9.84 

8.82 

laii 

10.06 

10.33 

ia53 

10.63 

10.66 

ia68 

1.89 

4.09 

6.34 

6.50 

6.49 

6.60 

6.69 

Percent. 

9.97 

ia29 

ia43 

ia66 

10.79 

8.18 

4.88 

6.61 

6.60 

6.63 


a  Arbitrary  designation  of  sample. 

• 

The  quantity  of  acid  used  in  the  desiccator  must  also  be  considered, 
because  the  dilution  of  the  acid  by  the  absorbed  moisture  is  dependent 
upon  the  amount  of  acid  present.  In  general,  the  acid  contained  in  a 
desiccator  does  not  require  frequent  renewal,  and  when  from  50  to  75 
c.  c.  of  concentrated  sulphuric  acid  (H,S04)  ^  used  in  the  desiccator 
the  renewal  of  this  material  once  each  month  or  once  every  two 
months  is  all  that  is  necessary. 

The  following  experiment  illustrates  the  effect  of  dilution  of  the 
sulphuric  acid  by  the  absorption  of  considerable  moisture  from  pow- 
der samples.  Two  samples  of  the  same  dynamite  were  desiccated  in 
similar  desiccators,  one  containing  75  c.  c.  of  96  per  cent  sulphuric 
acid,  the  other  the  same  volume  of  90  per  cent  sulphuric  acid.  In 
three  days  the  losses  of  moisture  were  1.10  per  cent  and  1.02  per 
cent,  respectively,  and  in  five  days  1.17  per  cent  and  1.05  per  cent, 
respectively.  In  order  that  75  c.  c.  of  96  per  cent  acid  could  become 
diluted  to  90  per  cent  by  the  absorption  of  moisture  from  dynamite 
samples,  it  would  be  necessary  that  all  of  the  moisture  from  about 
460  2-gram  samples  of  dynamite,  each  containing  1  per  cent  mois- 
ture, be  absorbed  by  the  acid.  It  is  therefore  obvious  that  the  acid 
in  the  desiccators  will  not  become  diluted  enough  in  one  or  two 
months  to  lose  appreciably  its  affinity  for  moisture. 
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The  effect  of  temperature  on  the  moisture  determination  is  shown 
in  the  following  experiments,  made  with  a  60  per  cent  dynamite. 
Three  determinations  of  moisture  were  made  on  the  same  sample  at 
widely  different  temperatures.  Two  grams  of  the  sample  in  one 
desiccator  were  placed  in  an  incubator,  the  temperature  of  which, 
by  means  of  a  thermostat,  was  regulated  to  a  range  of  36®  to  38®  C. 
(96.8®  to  100.4®  F.).  A  second  desiccator  containing  another  2 
grams  of  the  sample  was  placed  out  of  doors,  the  temperature  varying 
during  the  experiment  from  -23®  to  2®  C.  (-9.4®  to  35.6®  F.).  A 
third  desiccator  containing  a  third  2-gram  portion  of  the  sample  was 
left  at  room  temperature,  which  varied  from  17®  to  25®  C.  (63®  to  77® 
F.).  In  each  of  these  experiments  the  2-gram  parts  of  the  sample 
were  spread  upon  3-inch  watch  glasses,  each  watch  glass  being  placed 
in  a  separate  4-inch  desiccator  containing  75  c.  c.  of  fresh  sulphuric 
acid.     The  results  are  tabulated  below: 


Results  of  tests  to  determine  the  moisture  content  of  dynamite,  showing  the  injltunce  oj 

temperatvre. 

1 

s 

S 

4 

ft 

• 

Sample 

Temperatare. 

Days. 

Loss  of 

weight 

onae»> 

iocatkn. 

Ether  extract 

Nitroglycerin  In 

No. 

Maxl- 
mum. 

Mini- 
mum. 

Mean. 

exposed. 

By  loss. 

By  direct 
weight 

etiier  extract,* 

•c. 

•c. 

•c. 

f            3 
6 

Per  cent. 
1.00 
1.06 

Orami. 

Oramt, 

Onms. 

I*€r  cent 

1 

25 

17 

21 

7 
10 

1.06 
1.19 

13 

1.31 

L2168 

1.2126 

1.2061 

6a  26 

3 

1.69 

6 

2.49 

2 

38 

36 

37 

7 
10 

2.74 

3.54 

13 

4.12 

1.1563 

1.1522 

1.1397 

60.99 

-7 

-16 

3 

0.60 

-3 
0 

-23 
-14 

-9 

6 

7 

3 

0.72 

2 

-  9 

10 

0.67 

I           20 

18 

19 

I           13 

1.03 

1.2243 

1.2220 

1.2114 

6a  57 

a  Determined  by  nitrometer. 

After  the  weighings  had  been  made  on  the  thirteenth  day  the 
samples  were  carefully  transferred  to  Gooch  crucibles,  and  extracted 
with  ether  in  a  Wiley  extractor."  The  crucibles  were  then  dried  at  100** 
C,  and  the  losses  in  weight  determined,  which  are  given  in  column  5. 
The  nitroglycerin  in  each  sample  of  ether  extract  was  then  deter- 
mined by  the  nitrometer  after  the  ether  had  been  evaporated  (see 
p.  35).  The  results  shown  under  '4oss  of  weight  by  desiccation'' 
(column  4)  indicate  the  pronounced  influence  which  temperature  has 
on  the  determination  of  moisture.  In  the  case  of  sample  2  most  of 
the  moisture  was  probably  lost  within  the  first  24  hours,  the  further 

•  For  the  method  used  in  the  extraction  see  p.  30. 
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loss  being  entirely  due  to  the  evaporation  of  nitooglycerin.  In  the 
case  of  the  sample  3  the  weight  first  taken,  at  the  end  of  three  days, 
showed  ft  toes  of  only  0.60  per  cent.  As  previous  experiments  had 
shown  that  this  amotmt  of  moisture  can  be  removed  from  60  per 
cent  dynamite  by  about  two  hours'  desiccation,  it  is  probable  that 
the  loss  noted  during  the  first  three  days  resulted  during  the  first 
two  hours'  desiccation,  before  the  sample  became  frozen.  Practi- 
cally no  further  loss  occurred  in  this  sample  up  to  10  days,  and  the  loss 
vhich  occurred  between  the  tenth  and  thirteenth  day  was  due  to  the 
fact  that  the  sample  had  thawed.  As  the  temperature  in  the  labora- 
tory frequently  reaches  35°  C.  or  more  during  the  summer,  it  is 
evident  that  abnormally  high  results  sometimes  obtained   during 


warm  days  of  summer  may  be  in  error  to  a  considerable  extent,  being 
ooly  in  part  due  to  loss  of  moisture  and  in  part  to  volatilization  of 
nitroglycerin.  Since  incorrect  results  ore  obtained  when  moisture 
is  determined  at  a  low  temperature,  no  determinations  of  moisture 
should  be  made  at  a  temperature  sufficiently  low  to  cause  the  sample 
to  freeze.  In  order  that  perfectly  uniform  results  may  be  obtained 
with  samples  of  dynamite,  the  temperature  of  the  room  in  which  the 
deaiccatkin  is  carried  out  should  be  practically  constant  at  20°  C. 
This  is  a  normal  working  temperature,  and  when  moisture  deter- 
minations are  made  at  temperatures  materially  above  or  below  it, 
allovance  should  be  Inade  for  the  influence  of  the  abnormal  tempera- 
ture. The  reeulte  given  in  the  table  on  p.  22  are  shown  in  the  form 
of  curves  in  figure  1.    The  curve  for  sample  3  represents  the  results 
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of  the  first  10  days'  exposure,  during  which  period   the  sample 
remained  frozen. 

In  the  determination  of  moisture  by  the  bureau's  explosives  labo- 
ratory, sulphuric  acid  has  been  accepted  as  the  standard  desiccating 
agent.  As  many  chemists  prefer  to  use  calcium  chloride,  the  following 
experiment  is  of  interest,  as  showing  the  difference  in  efficiency  of 
these  two  desiccating  agents.  Six  2-gram  samples  of  60  per  cent 
dynamite  were  weighed  from  a  large,  well-mixed  sample.  Three  of 
these  samples  were  desiccated  over  calcium  chloride  and  three  over 
sulphuric  acid.  An  individual  6-inch  Scheibler  desiccator  was  used 
for  each  sample.  Weighings  made  at  intervab  showed  the  loss  of 
moisture  as  follows: 

JUnUU  (tf  dmocation  of  60  per  cent  dynamite  over  calcium  chloride  and  over  nU- 

phwric  acid,  at  room  temperature. 


Time. 

Designa- 
tion of 
sample. 

Loss  of 

weiffhtover 

oaicium 

chloride. 

Designa- 
tion Of 
sample. 

Loss  of 

weight  over 

sulphuric 

acid. 

na^. 

Percent. 

PereerU. 

A 

0.60 

c 

0.64 

A 

.59 

C 

.78 

A 

62 

C 

.70 

. 

B 

.66 

D 

.87 

1 

A 

.67 

C 

.84 

2 

B 

.77 

D 

.94 

3 

A 

.77 

C 

.96 

3 

B 

.80 

D 

.97 

3 

E 

.84 

F 

1.02 

6 

A 

.84 

C 

1.01 

6 

B 

.87 

D 

1.01 

6 

£ 

.01 

F 

L07 

6 

A 

.84 

C 

1.02 

6 

A 

.87 

D 

1.06 

6 

B 

.03 

F 

1.10 

10 

A 

.05 

C 

1.11 

10 

B 

1.00 

D 

1.17 

10 

E 

1.00 

F 

1.20 

18 

A 

1.07 

C 

1.23 

IS 

B 

1.10 

D 

1.32 

IS 

E 

1.15 

F 

1.36 

16 

A 

1.16 

C 

1.33 

16 

B 

1.13 

D 

1.46 

16 

B 

1.25 

F 

1.48 

10 

£ 

1.25 

F 

1.53 

20 

B 

1.37 

F 

1.60 

34 

E 

1.72 

F 

2.01 

60 

E 

2.22 

F 

2.55 

76 

E 

2.82 

F 

3.35 

111 

E 

8.67 

F 

4.55 

183 

E 

6.77 

F 

7.55 

237 

£ 

6.85 

F 

9.20 

These  results^  plotted  in  the  form  of  curves  for  the  two  samples 
E  and  F,  upon  which  desiccation  was  continued  the  longest,  are 
shown  in  figure  2. 

The  fact  that  nitroglycerin  is  more  or  less  volatile  even  at  ordinary 
temperatures  is  recognized  by  most  explosives  chemists,  and  in 
some  laboratories  an  endeavor  is  made  to  avoid  loss  of  nitrogly- 
cerin during  desiccation  by  keeping  the  atmosphere  within  the 
desiccator  saturated  with  nitroglycerin  vapors.  This  is  done  by 
placing  in  the  desiccator,  together  with  the  sample  of  dynamite  on 
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which  moisture  is  to  be  determined,  a  quantity  of  nitroglycerin  on 
a  vatcli  glass,  it  being  assumed  that  the  evaporation  of  this  nitro- 
glycerin will  saturate  the  atmosphere  in  the  desiccator  and  minimize 
the  iosa  of  nitroglycerin  from  the  sample  of  dynamite. 

To  test  the  value  of  such  method  the  following  experiments  were 
tnsde;  Four  samples  (2  grams  each)  of  the  same  60  per  cent  dyna- 


DATS 
nsDU  l^Rsnltx  of  dnkxatlan  ol  tO  par  eent  dynamll*  av«  ctldain  Dhlmi do  ( E)  sod  over  sutphmlo 
acid  <P)  tx  room  temperatun. 

mite  used  above  were  spread  on  3-inch  watch  glasses  and  placed  in 
separate  desiccators.  Directly  underneath  each  of  the  watch  glasses 
vas  placed  a  watch  glass  containing  a  layer  of  fine  dry  sand  saturated 
with  nitroglycerin.  Two  of  the  desiccators  contained  sulphuric  acid 
and  two.  calcium  chloride.  Weighings  of  the  dynamite  samples  at 
intervals  showed  losses  of  weight  as  follows: 


■SKT 

■unpl*. 

Deiigm- 

Ctonof 
■ample. 

phuric  acid. 

Tliw. 

LOMOl 

weight. 

3 

10 
10 

Lonol 

5 

A 

I 

A. 

1 

1» 
H 
U 

'-rs 

§ 

D 

I 

P front. 

97 
36 

lilO 

1 
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Comparing  these  results  with  those  of  the  table  on  page  24,  it  will 
be  noted  that  the  placing  of  an  additional  amount  of  nitroglycerin 
in  the  desiccator  with  the  sample  of  dynamite  has  practically  no 
effect  on  the  amount  of  nitroglycerin  lost  from  the  sample. 

The  fact  that  nitroglycerin  volatilizes  in  the  desiccator  in  the 
presence  of  either  sulphuric  acid  or  calcium  chloride  suggested  the 
carrying  out  of  experiments  to  determine  whether  a  sample  of  dyna- 
mite that  had  been  desiccated  for  a  sufficient  time  to  lose  all  of  its 
moisture  would  continue  to  lose  weight  in  an  empty  desiccator  (with- 
out any  desiccating  agent  present). 

Two  2-gram  samples  of  60  per  cent  dynamite  were  dried  for  three 
days  on  watch  glasses  over  sulphuric  acid,  and  then  immediately 
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18 
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90 


48 


64 


60 


72 


78 


96         42 
DAYS 

Fiovsa  8.— Besolt  of  exposure  of  dry  60  per  cent  dynunlte  In  %  deriecator  at  83*  to  8S*  C»w]ttkoat  dole 

eating  agent. 

placed  in  clean  desiccators  without  any  drying  agent.  One  of  these 
was  kept  at  room  temperature  (17^  to  22^  C);  the  other  in  a  constant- 
temperature  incubator  oven  at  a  temperature  of  33^  to  36**  C. 
Weighings  made  at  intervals  showed  a  continued  steady  loss  from 
the  iample  at  33^  to  35^,  whereas  the  sfimiple  exposed  to  room  tem- 
perature gained  in  weight  at  first,  then  steadily  lost  until  at  the  end 
of  about  40  days  it  had  attained  its  original  weight.  In  the  table 
below  the  percentage  of  loss  or  gain  in  weight  recorded  represents 
the  variation  from  the  dry  weight  of  the  samples  after  having  been 
desiccated  three  days. 
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Cknge  w  tficighl  of  dried  aamples  of  60  per  cent  dynamUe  in  dtdooaUrrz  ooTUaining  no 

aesxccaUng  offent. 


Time  in 
dMlooetor. 

Caunge  in  weight. 

8ampte  A  {VT-TT  C). 

Sampled 
(33--35*  C). 

Oftin. 

Loes. 
Percent. 

Loss. 

Per  cent. 
0.13 
.46 
.80 
1. 10 
1.40 
1.76 
3.40 
6.35 
9.33 

Doft. 
4 

7 
10 
13 
16 
20 
41 
77 
202 

Percent. 
0.36 
.33 
.30 
.25 
.20 
.20 

0.05 

.67 

2.63 

It  is  often  desirable  to  make  a  weighing  at  a  shorter  interval  than 
72  hours,  and  to  obtain  an  approximation  of  the  true  moisture  by 
calculation.  An  extended  series  of  tests  was  made  to  determine 
what  factor  could  be  safely  used,  in  conjunction  with  a  weight 
taken  at  the  end  of  24  hours,  to  give  the  same  result  as  would  be 
obtained  by  desiccation  for  a  period  of  72  hours.  It  was  found  that 
the  mfluence  of  the  temperature  of  the  room  in  wliich  the  desiccator 
was  kept  was  so  marked,  and  the  difference  in  effect  between  differ- 
ent desiccatmg  agents,'  was  such  as  to  make  this  method  uncertain. 
At  the  best  only  an  approximation  can  be  obtained,  but  when  time 
is  more  important  than  accuracy  a  rough  approximation  to  the  true 
moisture  content  of  ordinary  dynamite  can  be  obtained  by  consid- 
ering the  loss  in  weight  over  sulphuric  acid  in  24  hours  to  be  90  per 
cent  of  the  total  moisture.  In  other  words^  the  loss  of  weight  in  24 
hours'  desiccation  multiplied  by  the  factor  1.11  will  be  an  approxi- 
mation to  the  true  moisture  content.  When  large  amounts  of  mois- 
ture are  present,  as  in  certain  types  of  coal-mining  explosives  con- 
taining water  added  as  a  constituent  of  the  explosive,  it  is  not 
advisable  to  attempt  the  use  of  such  a  factor.  In  such  cases  the 
loss  of  weight  on  desiccating  three  days  is  considered  as  the  total 


moisture. 


IN  VACUUM  DESICCATORS. 


The  evaporation  of  water  is  much  more  rapid  at  reduced  pressure 
than  under  atmospheric  pressure,  and  therefore  the  determination 
of  moisture  may  be  made  in  a  shorter  time  with  tlie  use  of  a  vacuum 
than  when  atmospheric  pressure  prevails  witliin  the  desiccator. 
If  nitroglycerin  were  perfectly  nonvolatile,  desiccation  in  a  vacuum 
would  probably  be  sufficiently  reliable  for  use  as  a  standard  method. 

•  Bee  table  on  p.  21 
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The  following  table  shows  the  results  obtained  when  samples  of  the 
same  dynamite  were  exposed  in  desiccators  of  similar  size  and  shape 
that  contained  the  same  desiccating  agent,  in  one  case  a  vacuum 
being  used  and  in  the  other  case  the  air  within  the  desiccator  being 
at  the  pressure  of  the  air  in  the  room. 


lUauUs  of  desiccating  tests  toith  and  withoiU  vasuum  in 

the  desiccator. 

Time  dried. 

Sample  in 

orduury 

desiocator. 

Sample  in 

▼acnum 

desioeator. 

Loss  of  moistixre  to  24  hours 

Percent. 
5.34 
6.49 
5.68 

Percent. 
5.43 

IxMi  of  moisture  in  48  hours 

6.03 

Loss  of  moisture  in  72  hours 

6.  so 

With  the  ordinary  type  of  desiccator,  containing  acid  in  the  bottom, 
moisture  is  removed  from  the  sample  much  more  rapidly  with  a 
vacuum  than  without,  other  conditions  being  equal.  For  example, 
in  a  4-inch  desiccator,  with  7  square  inches  of  acid  surface  on  which 
the  pressure  was  that  of  the  atmosphere,  the  loss  of  moisture  from 
a  powder  sample  containing  about  1 1  per  cent  of  water  was  only  54 
per  cent  of  the  total  in  6  hours,  83  per  cent  in  12  hours,  and  94  per 
cent  in  24  hours.  In  a  slightly  larger  desiccator  of  the  same  type, 
with  12  square  inches  of  acid  surface,  above  which  there  was  a 
vacuum,  the  loss  in  6  hours  was  91  per  cent,  in  12  hours  95  per 
cent,  and  in  24  hours  96.5  per  cent.  In  both  samples  a  practically 
constant  value  was  obtained  in  3  days. 

In  the  case  of  the  Hempel  desiccator,. containing  acid  above  the 
explosive  sample,  the  rate  of  loss  of  moisture  is  nearly  the  same  with 
or  without  vacuum. 

In  general  it  may  be  stated  that  any  type  of  vacuum  desiccator 
will  remove  in  12  hoiu^  practically  all  the  moisture  from  dynamites 
and  even  from  permissible  explosives  containing  as  much  as  10  to 
12  per  cent  of  water,  the  result  thus  obtained  being  about  the  same 
as  that  given  by  3  days'  desiccation  without  vacuum. 

Vacuum  desiccation  for  a  longer  time  than  12  hours  will  cause  a 
further  slight  loss,  which  is  probably  for  the  most  part  due  to  vola- 
tilization of  nitroglycerin. 


IN  A  DRT-AIR  CURRENT. 


When  a  current  of  air  previously  dried  by  being  passed  t!u*ough  a 
calcium  chloride  tube,  or  through  sulphuric  acid,  is  passed  through 
a  mass  of  dynamite  in  a  suitable  sample  tube,  the  dynamite  gives  up 
its  moisture  to  the  dry  air.  Drying  may  be  very  quickly  effected  in 
this  manner,  because  of  the  fact  that  the  dry  air  comes  into  intimate 
contact  with  all  portions  of  the  explosive,  but  the  method  has  the 
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serious  defect  of  being  inaccurate,  owing  to  the  volatility  of  nitro- 
glycerin. 

In  desiccation  by  means  of  dry  air,  a  drying  tube  of  the  form 
shown  in  figure  4  is  usually  employed.  Sometimes  several  of  these 
tubes  are  connected  together  in  a  train.  The  dry  air  is  always  intro- 
duced at  the  bottom,  so  that  it  may  rise  through  the  explosive,  and 
&  weighed  sample  of  about  15  grams  is  generally  taken  for  the  deter- 
mination. 

Several  tests  were  made  to  determine  the  accuracy  of  this  method 
of  drying  samples  of  dynamite.  A  current  of  air  dried  by  passing 
throu^  sulphuric  acid  was  passed  through  a  sample  of  dynamite 
which  had  been  found,  by  desiccation  for  three  days  over  sulphuric 
acid,  to  contain  5.68  per  cent  of  moisture.  Weighings  at  intervals 
showed  loss  of  weight  as  follows. 

Lou  ojvmght  ofdipMamiU  in  a  current  of  dry  air. 


Time 

Loss  of 

dried. 

weight 

Houn, 

Peretnt. 

a 

L47 

6 

4.79 

13 

6.30 

34 

5.60 

48 

6.  TO 

00 

6.80 

73 

6.86 

The  table  shows  that  at  the  end  of  48  hours  there  had  been  a  loss 
in  weight  approximately  corresponding  to  the  percentage  of  moisture 
found  in  the  explosive  by  the  standard  method.  The  constant  loss 
after  that  point  represents  volatilization  of  nitroglycerin,  although 
it  is  of  course  to  be  noted  that  the  loss  of  nitroglycerin  was  continu- 
ous, nitroglycerin  being  removed  from  the  time  the  air  first  began  to 
pass  through  the  sample.  How  inaccurate  this  method  is  may  be 
readily  understood  when  one  remembers  that  nitroglycerin  can  be 
completely  volatilized  by  bubbling  dry  air  through  it  for  a  sufficient 
length  of  time,  and  that  accordingly  any  sample  of  dynamite  would 
probably  reach  an  ultimate  value  in  which  the  loss  in  weight  would 
correspond  to  the  amount  of  moisture  plus  the  amount  of  nitroglyc- 
erin present  in  the  sample. 

8UMMABT. 

The  most  satisfactory  method  for  the  determination  of  moisture 
consists  in  using  a  3-inch  watch  glass  containing  an  evenly  distrib- 
uted 2-gram  sample,  the  watch  glass  and  sample  being  placed  in  a 
desiccator  containing  sulphuric  acid,  and  being  weighed  at  the  expira- 
tion of  72  hours.  Care  should  be  taken  that  the  temperature  does  not 
Taiy  widely  from  a  mean  of  20^  C.    An  approximation  of  the  true 
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moisture  content  of  the  sample  of  explosive  may  be  obtained  by  de»- 
iccating  in  the  manner  just  described  for  a  period  of  24  hours,  and 
multiplying  the  loss  in  weight  thus  found  by  the  factor  1.111,  or  the 
loss  in  a  vacuum  desiccator  for  24  hours  may  be  taken  without  fur- 
ther calculation  as  an  approximation  to  the  true  moisture  content 
as  determined  by  standard  metiiods. 

EXTBAOTION    WITH    £THEB. 

Extraction  with  ether  removes  from  dynamite  not  only  nitro- 
glycerin, but  also  any  resins  or  sulphur  that  may  be  present.  Aside 
from  resin  intentionally  admixed 
there  is  always  some  resin  present 
in  the  wood  pulp.  In  addition  to 
these  constituents,  in  dynamite 
small  amounts  of  oil  are  sometimeu 
found,having  been  introduced  from 
mixing  madhines  or  packing  ma- 
chines. When  flour,  com  meal,  or 
other  grain  or  cereal  products  are 
present  as  constituents  of  explo- 
sives a  small  amount  of  oil  from 
such  materials  is  also  found  in  the 
ether  extract.  Nitrotoluenes,  par- 
affin, vaseline,  etc.,  are  not  normal 
FioxiK«  <-— Drying  tube.  constituents  of  ordiuaiy  dynamite, 

and  the  determination  of  these  substances  is  discussed  under  the 
type  of  explosive  in  which  they  occur  as  characteristic  components, 
but  it  is  to  be  noted  that  were  any  of  these  materials  present  in 
dynamite  they  would  be  found  in  the  ether  extract. 

RBFLUZ-CONDBN8SB  HBTHOD. 

A  sample  of  from  6  to  10  grams  of  the  explosive  is  weighed  in  either 
a  porcelain  Gooch  crucible  with  asbestos  mat  or  a  porous  alundum' 
crucible  of  about  25  c.  c,  capacity.  When  a  Gooch  crucible  is  used 
the  mat  should  be  light,  but  should  be  perfectly  coherent.  Such  a  mat 
is  prepared  in  the  bureau's  explosives  laboratory  as  follows:  Five 
grams  of  shortrfiber  asbestos,  in  the  form  of  short  shreds,  free  from 
hard  lumps,  is  added  to  1  liter  of  water.  When  used  the  mixture  is 
well  shaken  and  about  10  c.  c,  an  amount  sufficient  to  fill  the  crucible 
to  about  two-thirds  of  its  depth,  is  poured  into  the  crucible.  Suc- 
tion is  applied,  and  a  smooth  and  perfect  mat  is  almost  invariably 
produced.  The  crucible  and  mat  are  then  carefully  dried  for  some 
hours  at  100°,  weighed,  and  placed  in  a  desiccator.  For  extracting 
witli  ether,  the  form  of  apparatus  fotmd  most  satisfactory  is  the 
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Wiley  extractor,  as  shown  in  Plate  II,  ^.  The  crucible  is  supported 
on  a  small  hanger  made  by  twisting  No.  18  copper  wire  into  suitable 
shape. 

In  performing  an  extraction  the  crucible^  with  its  weighed  sample 
of  explosive,  is  placed  in  the  hanger,  and  about  35  c.  c.  of  U.  S.  P.  ether 
(96  per  c^it)  is  poured  in  several  portions  through  the  sample  into  the 
glass  extraction  tube.  Water  is  continuously  circulated  through  the 
cooling  coils  of  the  condenser.  The  ether  is  boiled  by  means  of  an 
electric  heater  or  a  vessel  of  hot  water  in  which  the  lower  part  of  the 
tube  is  immersed.  The  ether  vapor  condenses  on  the  surface  of  the 
metal  condenser,  the  condensed  ether  dropping  into  the  crucible  and 
percolating  through  the  sample  of  explosive.  The  temperature  is 
regulated  so  that  the  sample  will  be  kept  covered  with  ether  without 
any  overflow. 

When  a  vessel  of  hot  water  is  used  for  heating  the  tube,  the  ether 
partly  drains  out  of  the  crucible  during  a  change  of  water,  but  is  at 
once  replaced  by  a  fresh  supply.  This  intermittent  action  probably 
accomplishes  a  more  efficient  extraction  than  is  obtained  by  keeping 
the  sample  continuously  covered  with  ether.  The  extraction  with 
ether  is  continued  for  about  three-fourths  of  an  hour  for  most  explo- 
sives. This  period  is  usually  somewhat  longer  than  is  necessary  to 
remove  all  of  the  nitroglycerin,  but  it  is  desirable  to  carry  on  the 
extraction  long  enough  to  insure  the  complete  removal  of  material 
soluble  in  ether,  so  as  to  avoid  testing  for  completeness  of  extraction. 
If  for  any  reason  a  shorter  time  for  extraction  is  desirable,  the  extrac* 
tion  is  continued  for  the  time  desired,  after  which  a  small  additional 
amount  of  ether  is  put  into  the  apparatus,  and  the  ether  passing 
through  the  crucible  is  evaporated  in  a  watch  glass  and  an  examina- 
tion made  for  residue.  If  residue  is  found,  complete  extraction  has 
obviously  not  been  accomplished. 

The  crucible  containing  the  portion  of  the  explosive  insoluble  in 
ether  is  placed  in  a  drying  oven  heated  to  about  100^  C.  This  should 
be  done  promptly,  since  the  evaporation  of  the  ether  with  which 
the  contents  of  the  crucible  are  saturated  lowers  the  temperatiu:*e  of 
the  crucible  sufficiently  to  cause  the  precipitation  of  considerable 
moisture  upon  the  crucible  and  its  contents,  and  such  a  precipita- 
tion is  undesirable  as  it  necessitates  longer  drying.  Although  no 
loss  or  inaccuracy  in  analysis  is  liable  to  result  from  the  constituents 
of  the  explosives  becoming  wet  at  this  stage,  yet  for  uniform  results 
in  diying  it  is  usually  best  to  transfer  the  crucible  directly  from  the 
Wiley  extractor  to  the  drying  oven.  To  avoid  filling  the  drying  oven 
with  ether  vapoiis,  it  is  convenient  to  have  a  suction  fl^csk  i  nd  carbon 
tube  near  the  Wiley  extractor,  and  as  soon  as  the  ether  extraction 
is  completed  the  crucible;  stiU  very  wet  with  ether,  may  be  placed  in 
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the  carbon  tube  and  sucked  dry,  after  which  it  is  placed  in  the  drying 
oven. 

If  the  qualitative  examination  has  indicated  the  presence  of 
ammonium  nitrate,  the  drying  of  the  material  insoluble  in  ether 
should  be  carried  out  at  70^  C.  instead  of  100^  C,  because  at  100^ 
un  appreciable  loss  of  ammonium  nitrate  results  whereas  at  70^  the 
loss  is  slight. 

The  periods  of  drying  generally  adopted  are  five  hours  at  95^  to 
100**,  and  overnight  or  18  to  24  hours  at  70°  C.  Even  at  the  higher 
temperature  no  error  results  by  drying  overnight  unless  ammonium 
salts  or  other  volatile  ingredients  are  present.  A  shorter  time  than 
five  hours  is  probably  sufficient  in  most  cases,  but  the  five-hour 
period  has  been  adopted  to  cover  all  cases  and  obviates  any  necessity 
of  an  additional  check  weighing. 

The  loss  of  weight  represents  all  ether-soluble  material  plus  the 
moisture  originally  present  in  the  sample. 

The  ether  extract  is  transferred  from  the  glass  extraction  tube  to 
an  evaporating  dish  of  low  pattern  or  to  a  small  beaker  previously 
weighed.  The  extraction  tube  is  then  washed  out  with  a  small 
quantity  of  pure  ether,  which  is  added  to  the  ether  extract  in  the 
evaporating  dish.  The  contents  of  the  evaporating  dish  are  allowed 
to  evaporate  spontaneously;  a  number  of  hours  are  usually  allowed 
for  the  evaporation,  the  best  results  being  obtained  when  the  period 
is  overnight.  After  the  ether  has  evaporated,  the  residue  is  thor- 
oughly dried  by  leaving  the  dish  for  a  few  hours  in  a  vacuum  desic- 
cator. The  weight  is  then  noted;  it  is  usually  a  little  less  than  the 
total  loss  on  ether  extraction  minus  the  moisture  as  determined  by 
desiccation.  The  difference  is  due  to  volatilization  of  the  nitro- 
glycerin during  the  evaporation  of  the  ether,  and  is  considered  later. 

A  more  nearly  correct  value  for  the  weight  of  material  removed  by 
ether  is  obtained  by  deducting  the  amoimt  of  moisture  determined  by 
desiccation  from  the  total  loss  of  weight  found  by  extraction,  the 
direct  weight  of  the  ether  extract  after  the  evaporation  of  ether 
being  used  only  as  a  check.  In  all  cases  ether  extraction  should  be 
made  in  duplicate,  one  sample  of  the  weighed  extract  being  used 
for  the  determination  of  the  nitroglycerin  with  the  nitrometer,  and 
the  other  sample  being  used  in  determining  the  other  constituents 
present. 

SUCTION  MBTHOD. 

In  the  laboratories  of  some  dynamite  works  extraction  with  ether 
is  made  without  any  form  of  continuous-extraction  apparatus;  the 
sample  in  the  Gooch  crucible  is  merely  washed  several  times  by 
pouring  ether  through  it,  applying  suction  after  each  addition  of 
ether.     This  method  involves  the  use  of  greater  quantities  of  ether, 
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uid  the  objection  has  been  made  that  the  reduction  of  temperature 
resulting  from  the  evaporation  of  ether  causes  a  deposition  of  mois- 
ture from  the  air  current  drawn  through  the  sample,  this  moisture 
dissolving  out  small  amounts  of  the  water-soluble  nitrates  that  pass 
through  with  the  next  addition  of  ether. 

To  test  the  merits  of  this  method  in  comparison  with  the  usual 
extraction  method,  ether  extractions  were  made  on  a  large  number 
of  samples  of  45  per  cent  dynamite,  using  both  the  reflux-condenser 
method  and  the  suction  method.  In  the  latter  method  about  100 
c.  c.  of  ether  in  six  portions  was  passed  through  each  sfimiple,  each 
portion  of  ether  being  allowed  to  stand  in  the  crucible  for  one  minute 
before  suction  was  applied.  The  suction  was  continued  for  periods 
of  one-half  minute  to  two  minutes  in  order  that  different  amounts  of 
air  might  be  drawn  through  the  samples.  The  samples  were  then 
dried  and  weighed  as  usual. 

In  general,  extraction  in  the  Wiley  apparatus  gave  slightly  lower 
results  than  the  suction  method,  although  in  most  cases  the  difference 
between  dupUcate  samples  extracted  by  the  same  method  was  as 
great  as  the  variation  between  the  two  methods.  This  fact  is 
explained  by  the  lack  of  homogeneity  of  the  dynamite.  For  example, 
a  few  unusually  large  particles  of  wood  pulp  or  nitrate  in  one  sample 
may  cause  a  greater  variation  in  the  percentage  of  ether  extract  than 
the  variation  actually  due  to  the  method  of  extraction  employed. 

oompabativs  extbaotions  with  anhtdbous  and  u.  8.  p.  (96  per 

gent)  ether. 

To  ascertain  the  effect  of  the  purity  of  the  ether  used  for  extrac- 
tions, determinations  of  ether  extracts  were  made  on  several  types  of 
explosives,  and  on  various  carbonaceous  absorbents  used  in  dyna- 
mites. DupUcate  determinations  were  made  using  both  anhydrous 
ether  (distilled  over  sodium)  and  U.  S.  P.  (96  per  cent)  ether. 

Results  of  extractions  are  shown  in  the  following  table,  the  values 
given  being  the  percentage  of  loss  of  weight  noted  on  weighing  the 
insoluble  portion  after  drying  five  hours  at  95^  to  100^.  The  loss  of 
wei^t  in  each  case  therefore  includes  any  moisture  originally  present, 

67709^— BuU.  61—13 3 
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From  the  table  it  is  apparent  that  U.  S.  P.  ether  extracts  a  larger 
percentage  of  material  from  the  commonly  used  carbonaceous 
absorbents  than  does  anhydrous  ether,  whidi  is  practically  free  from 
alcohoL  It  is  probably  because  of  the  alcohol  present,  in  amounts 
up  to  about  4  per  cent,  that  U.  S.  P.  ether  shows  the  greater  extractive 
power. 

BFFEOT  OF  HOISTUBE  IN  DTNAHriE  ON  EXTRACTION  WITH  BTHBB. 

N'umerous  authorities  prescribe  that  the  ether  extraction  shall  be 
made  on  a  sample  prerioualy  dried  to  constant  weight  in  a  desicca- 
tor.'* Presumably  this  specification  is  aimed  to  prevent  water- 
eoluble  constituents  from  being  carried  through  in  the  ether  extract. 
Such  an  error  is  naturally  greater  as  the  amount  of  moisture  present 
in  the  dynamite  is  greater.  Accordingly  experiments  were  made  on 
tvining  explosives  similar  to  ordinary  dynamite,  to  which  water  had 
been  added  as  an  additional  constituent  for  the  purpose  of  reducing 
the  temperature  of  explosion.  Two  explosives  containing  10.70  and 
5.70  per  cent  of  moisture,  respectively,  were  extracted  with  ether  in 
the  usual  maimer,  (1)  in  the  origmal  condition,  and  (2)  after  having 
been  dried  in  vacuum  desiccators  over  sulphuric  acid  for  24  hours. 
The  amounts  of  materials  soluble  in  ether  extracted  are  shown  in  the 
following  table. 
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The  amount  of  moisture  present  in  the  dried  samples  was  found 
by  desiccating  portions  of  each  sample  for  a  further  period  of  three 
days  in  ordinary  sulphuric-acid  desiccators. 

The  values  in  column  4  represent  the  total  loss  on  extraction  less 
the  moisture  content  of  the  sample,  all  results  being  expressed  as 
a  percentage  of  the  amount  of  original  undried  explosive. 

Assuming  that  the  extracts  from  the  samples  in  their  original 
condition  (condition  1)  are  larger  than  those  from  the  dried  samples 
(condition  2)  because  of  loss  of  water-soluble  nitrate  in  the  moisture 
taken  up  by  the  ether,  it  is  apparent  that  in  the  case  of  ordinary 
dynamite  containing  only  one  or  two  per  cent  moisture  any  loss  from 
this  source  is  negligible. 

DETEBMINATION   OF  NrTBOOLTOERIN. 

The  nitrogen  of  oi^anic  or  inorganic  nitrates  or  nitrites  is  readily 
evolved  as  nitric  oxide  (NO)  by  reaction  with  sulphuric  acid  and 
mercury  in  the  nitrometer.  A  determination  of  such  nitrogen  in 
the  extract  therefore  serves  as  a  means  of  calculating  the  amount 
of  nitroglycerin  present.  The  form  of  nitrometer  found  by  the 
authors  to  be  most  satisfactory  for  explosives  work  is  the  modified 
Lunge  nitrometer,  as  illustrated  in  Plate  III. 

THB  NITROMBTBB. 

This  instrument  *  consists  of  six  glass  parts  as  follows:  A  globe- 
shaped  reservoir  (a) ;  a  generating  bulb  (6)  of  about  300  c.  c.  capacity, 
the  generating  bulb  having  stopcocks  at  both  top  and  bottom  to 
permit  a  violent  agitation,  and  having  a  cup  above  which  communi- 
rates  with  the  bulb  through  the  upper  stopcock;  a  second  globe- 
shaped  reservoir  (e),  to  which,  by  means  of  a  glass  multiple  connect- 
ing tube  and  rubber  tubing,  are  joined  a  compensating  burette  ((2),  a 
reading  burette  {e) ,  and  an  additional  measuring  burette  (J) .  The  read- 
ing and  compensating  burettes  are  of  the  same  shape  and  size,  and 

«  Hia  d€Ki4>tioQ  h«  bean  takm  In  a  large  part  from  a  paper  by  J.  R.  Pitman  on  Tlie  analysis  of  nitrlo 
Md  Btisd  adds  by  da  Boafs  modJUeatlan  of  tha  Lansa  nltromaCer,  Jonr.  Soo.  Cham.  Ind.,  toL  19^  1900^ 
p.  W;  aecatoo  LmiKey  Q^  Da  Font'i  nftrametor,  Joar.  Soo.  Ghem.  Ind.,  toL  20,  UQ1«  p.  lOQi 
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are  blown  out  into  bulbs  at  the  top.  The  compensating  burette  is 
not  graduated.  Above  the  bulb  it  has  a  small  vertical  open  tube, 
which  is  sealed  when  the  instrument  is  standardized.  The  reading 
burette  is  calibrated  so  that  percentages  of  nitrogen  may  be  read 
therefrom,  and  is  marked  to  read  from  10  to  14  per  cent,  being 
graduated  to  one-hundredths  of  1  per  cent.  Between  171.8  and 
240.4  c.  c.  of  gas  must  be  generated  to  obtain  a  reading;  that  is, 
the  10  per  cent  mark  represents  the  volume  of  171.8  c.  c.  of  NO 
at  20°  and  760  mm.  pressure,  containing  0.1  gram  of  nitrogen;  the 
14  per  cent  mark  is  equal  to  240  c.  c.  NO  under  the  same  condi- 
tions,  representing  0.14  gram  nitrogen. 

The  compensating  burette  is  supported  by  a  ring;  the  generating 
bulb  is  supported  just  above  each  stopcock  by  forked  holders, 
curved  so  as  to  retain  the  bulb  in  place.  In  order  to  remove  the  gen- 
erating bulb  it  needs  only  to  be  raised  slightly  and  brought  forward, 
the  manipulation  of  a  screw,  as  with  an  ordinary  clamp,  being  thus 
avoided.  The  two  reservoirs  and  the  reading  burette  are  supported 
by  ring  clamps,  these  clamps  having  milled  rollers  at  the  shank; 
they  are  moved  up  and  down  vertical  racks  by  means  of  hand 
screws,  the  rollers  being  so  arranged  in  conjimction  with  the  ver- 
tical racks  that  the  weight  of  the  part  presses  them  down  and  acts 
as  a  brake,  thus  preventing  their  moving  when  not  being  manipulated. 

Having  arranged  the  apparatus  and  £Qled  the  compensating, 
reading,  and  generating  tubes  as  well  as  their  connections  with 
mercury,  the  next  step  is  to  standardize  the  instrument.  Twenty 
to  thirty  cubic  centimeters  of  sulphuric  acid  is  run  into  the  gener- 
ating bulb  through  the  cup  at  the  top,  and  at  the  same  time  about 
210  c.  c.  of  air  is  let  in;  the  cocks  are  then  closed  and  the  bulb  is  well 
shaken;  this  shaking  thoroughly  desiccates  the  air,  which  is  then 
run  into  the  compensating  burette  untU  the  murcury  is  about  on  a 
level  with  the  12.50  per  cent  mark  on  the  reading  burette,  the  two 
burettes  being  held  at  the  same  height.  The  compensating  burette 
is  then  sealed  off  at  the  top.  A  further  quantity  of  air  is  desiccated 
in  the  same  manner  and  run  over  into  the  reading  burette  until  the 
height  of  mercury  in  the  reading  burette  stands  at  about  the  12.50 
per  cent  mark.  The  cocks  are  then  closed,  and  a  small  piece  of 
glass  tubing,  £Qled  with  sulphuric  acid  (not  water),  and  bent  in  the 
form  of  a  U,  is  attached  to  the  outlet  of  the  reading  burette.  When 
the  mercury  columns  are  about  balanced  and  the  inclosed  air  has 
been  cooled  to  room  temperature,  the  cock  is  again  carefully  opened, 
and  when  the  sulphuric  acid  balances  in  the  U  tube,  and  the  mercury 
columns  in  both  burettes  are  therefore  at  the  same  level,  the  air  in 
each  tube  is  subject  to  the  same  conditions,  namely,  atmospheric 
temperature  and  pressure.     A  reading  is  now  made  from  the  burette. 
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and  the  barometric  pressure  and  temperature  are  carefully  noted. 
Using  the  well-known  formula 

Vy  (273-H)(l  -  .0001 80 
^"^  P(278+O(i-.00018«) 

the  volume  this  inclosed  air  would  occupy  at  a  pressure  (P)  of  20.02 
inches  of  mercury  (760  mm.)  and  at  a  temperature  (f)  of  20^  C.  is 
determined.  The  cock  is  again  closed  and  the  reservoir  and  reading 
burette  carefully  adjusted  so  as  to  bring  the  air  in  the  reading  burette 
to  the  calculated  Tolume  and  the  mercury  in  the  compensating  burette 
to  the  same  level  as  the  mercury  in  the  reading  burette.  A  strip  of 
paper  b  now  pasted  on  the  compensating  burette  at  the  level  of  the 
mercury,  and  the  standardization  is  then  complete. 

There  is,  however,  another  and  shorter  method  of  standardization 
than  the  one  described  above.  It  is  well  known  that  the  quality  of  the 
sulphuric  acid  used  in  the  nitrometer  will  materially  affect  the  results. 
To  ascertain  whether  sulphuric  acid  is  suitable  for  use  in  making  nitro- 
gen determinations  m  the  nitrometer  a  determination  is  made  on 
chemically  pure  dry  potassium  nitrate  and  the  reading  obtained  in 
the  nitrometer  is  compared  with  the  theoretical  percentage  of  nitrogen 
in  potassium  nitrate.  In  applying  this  procedure  to  the  standardiza- 
tion of  the  nitrometer  the  compensating  burette  is  filled  with  desic- 
cated air,  as  described  above,  and  1  gram  of  potassium  nitrate,  dis- 
solved in  2  to  4  c.  c.  of  water,  is  introduced  into  the  generating  bulb, 
the  cup  is  washed  with  20  c.  c.  of  95  to  96  per  cent  sulphuric  acid  in 
three  or  four  portions,  and  each  portion  is  run  separately  into  the 
bulb.  The  gas,  when  generated,  is  run  oyer  into  the  reading  burette, 
and  the  mercury  columns  in  both  burettes  are  leveled,  so  that  the 
mercury  in  the  reading  burette  is  also  at  13.87,  the  theoretical  per- 
centage of  nitrogen  in  potassium  nitrate.  A  strip  of  paper  is  pasted 
on  the  compensating  burette  at  the  level  of  the  mercury,  and  the 
standardization  is  then  accomplished. 

This  method  of  standardizing  offers  many  advantages  over  that 
first  described,  among  which  may  be  mentioned  that  no  readings  of 
temperature  or  pressure  are  necessary.  Probably  the  greatest 
advantage  is  that  if  the  acid  used  in  standardizing  should  contain 
impurities,  which  might  otherwise  affect  the  result,  the  error  is  en- 
tirely compensated  and  corrected  in  subsequent  work;  that  is  to  say, 
the  instrument  having  been  so  standardized  that  the  reading  gives  the 
theoretical  percentage  of  nitrogen  in  potassium  nitrate,  the  results 
will  be  accurate  when  testing  other  substances  so  long  as  the  same 
quantity  of  sulphuric  acid  from  the  same  lot  is  used. 

It  must,  of  course,  be  understood  that  once  having  standardized 
the  instrument  with  a  certain  lot  of  acid  no  different  lot  of  acid  can 
be  used  without  reetandardizing.    In  order  to  avoid  slight  differences 
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in  results  due  to  variations  in  the  acid,  it  is  advisable  to  reserve  a 
su£BicientIy  large  uniform  stock  of  acid,  for  example,  a  carboy  fall, 
for  nitrometer  use. 

The  additional  measuring  burette,  with  which  this  type  of  nitrom- 
eter is  provided,  known  as  the  "  universal  tube  "  (/",  PI.  Ill) ,  b  simply  a 
straight  burette,  marked  to  read  from  0  to  100  in  percentages  and 
graduated  to  one-tenth  of  1  per  cent.  The  tube  is  of  such  a  size  that 
0.30  gram  of  NO  (or  y^  gram-molecule  of  NO)  under  standard 
conditions  of  temperature  and  pressure  (20^  and  760  mm.)  fills  it  to 
the  100  mark. 

If  it  is  desired  to  read  the  percentage  of  nitrogen  direct,  0.14  gram 
of  substance  is  weighed  out;  if  the  percenti^  of  NO,  is  desired, 
0.46  gram  of  substance  is  weighed  out.  Consequently,  if  1.01  grams 
of  potassium  nitrate,  0.63  gram  of  nitric  acid,  or  0.85  ^am  of  sodium 
nitrate  are  used,  the  results  can  be  read  directly  as  percentages  of 
the  original  substance. 

This  method  is  convenient  when  it  is  not  certain  that  the  reading 
will  fall  within  the  limits  of  the  graduations  in  the  ordinary  measur- 
ing burette. 

The  "universal  tube"  is  found  particularly  advantageous  when, 
for  example,  the  amount  of  nitroglycerin  in  a  sample  is  so  small  that 
the  volume  of  gas  generated  is  insufficient  to  fill  the  large  readin^^ 
burette  to  its  graduated  portion.  The  volume  of  gas  generated  from 
any  amount  of  nitroglycerin  up  to  about  0.75  gram  may  be  read  in 
the  "universal  tube.''  Readings  in  this  measuring  tube  can  be  as 
accurately  made  as  in  the  regular  reading  burette. 

PROCBDURB. 

To  determine  the  amount  of  nitroglycerin  in  the  ether  extract  of  a 
dynamite,  the  sample  from  which  the  ether  has  been  evaporated  is 
dissolved  in  5  to  10  c.  c.  of  sulphuric  acid  (specific  gravity,  1.84)  and 
transferred  to  the  generating  bulb  of  the  nitrometer,  the  beaker  and 
the  cup  of  the  nitrometer  being  rinsed  with  several  further  additions 
of  acid  until  20  to  25  c.  c.  has  been  used.  If  the  quantity  of  nitro- 
glycerin present  is  too  great,  the  sample  dissolved  in  sulphuric  acid 
is  transferred  to  a  burette  and  an  aliquot  part  run  into  the  nitrometer 
cup  and  washed  into  the  generator  with  about  20  to  26  c.  c.  of  sul- 
phuric acid.  The  maximum  amount  of  pure  nitroglycerin  used  should 
be  not  greater  than  0.75  gram  in  order  that  the  gas  generated  will  not 
exceed  the  volume  of  the  reading  burette. 

The  generator  is  then  shaken  gently  until  the  generation  of  gas 
has  forced  out  all  but  about  60  to  75  c.  c.  of  the  mercury,  the  reser- 
voir being  lowered  if  necessary  in  order  to  reduce  the  amount  of 
mercury  to  this  extent.  The  cock  at  the  bottom  of  the  generator 
is  then  closed  and  the  generator  shaken  violently  for  about  two  to 
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three  minutes.  After  allowing  all  bubbles  to  separate  from  the 
reaction  mixture,  the  gas  is  transferred  to  the  reading  burette,  the 
surface  of  the  mercury  in  the  burette  is  brought  to  the  same  level 
as  that  in  the  compensating  burette  when  the  dry  air  in  the  com- 
pensating burette  occupies  the  standard  volume  indicated  by  the 
strip  of  paper  attached  in  calibrating. 

The  gas  is  allowed  to  stand  for  a  few  minutes  to  obtain  an  equi- 
librium of  temperature,  the  levels  being  readjusted  if  necessary, 
and  the  reading  is  noted.  This  reading  divided  by  18.50  equals  the 
weight  of  nitroglycerin  in  the  sample  used  for  the  determination. 

A  more  or  less  serious  error  to  be  considered  in  the  determination 
of  nitroglycerin  is  that  introduced  by  losses  due  to  volatilization 
of  the  Ditroglycerin  during  the  evaporation  of  the  ether.  To  deter- 
mine the  e£Fect  of  the  rapidity  of  evaporation  on  the  amount  of 
nitroglycerin  lost,  weighed  samples  (0.6  to  0.7  gram)  of  nitroglycerin 
were  placed  in  100  c.  c.  beakers,  tieated  with  50  c.  c.  of  ether,  the 
ether  evaporated  at  different  rates,  and  the  samples  dried  in  vacuum 
desiccators  to  remove  the  moisture  taken  up  during  the  evaporation 
of  the  ether.  Nitrogen  was  then  determined  by  means  of  the  nitrom- 
eter, the  weight  of  nitroglycerin  being  calculated  from  the  nitrom- 
eter reading.    The  results  obtained  are  tabulated  below: 


Lou  of  nitroglycerin  on  evaporating  ether  extract, 
[DetarmiDfttknifl  by  J.  H.  Huntar.] 
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ft  Loss  of  wei^t 


No  attempt  was  made  to  obtain  constant  weight  after  evaporation 
of  the  ether,  the  samples  being  left  in  vacuum  desiccators  only  long 
enough  to  remove  most  of  the  water;  hence  the  weights  in  column 
3  are  greater  than  the  weights  of  nitroglycerin  calculated  from  the 
nitrogen  found  (column  5) . 

The  figures  in  column  6  represent  the  differences  between  the 
weights  in  colurona  2  and  6. 
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It  was  noted  that  rapid  removal  of  the  etber,  either  by  means  of 
gentle  heating  or  by  means  of  an  air  current,  caused  a  greater  loss 
of  nitroglycerin  than  did  slow  spontaneous  evaporation  at  room 
temperature,  the  only  exception  being  in  the  case  of  sample  5,  with 
which  the  loss  of  nitroglycerin  was  only  0.0039  gram,  the  ether  being 
volatilized  by  gentle  boiling.  The  large  loss  noted  with  sample  4 
was  probably  due  to  spurting. 

Such  losses  as  are  shown  in  the  table  do  not  greatly  affect  the 
determination  of  nitroglycerin  in  a  sample  of  dynamite.  Thus,  in 
analyzing  a  6-gram  sample  of  dynamite,  a  loss  of  0.01  gram  of  nitro- 
glycerin would  be  equivalent  to  only  0.17  per  cent  of  the  original 
sample.  The  importance  of  the  error  is  of  course  greater  as  the 
percentage  of  nitroglycerin  in  the  sample  is  less. 

Evaporation  in  the  hell-jar  evaporator. — ^An  improved  method  of 
removing  the  ether  from  the  ether  extract  without  appreciable  loss 
of  nitroglycerin  was  devised  by  A.  L.  Hyde  in  the  bureau's  labora- 
tory. The  beaker  containing  the  ether  solution  is  placed  on  a 
ground-glass  plate  and  covered  by  a  glass  bell  jar  about  6  inches  in 
diameter  and  8  inches  high,  having  two  tubulures,  one  at  the  top 
and  one  on  the  side,  each  opening  being  fitted  with  a  perforated 
stopper  and  delivery  tube.  A  rapid  current  of  compressed  air, 
dried  by  passage  through  concentrated  sulphuric  acid,  in  two  wash 
cylinders,  is  allowed  to  enter  through  the  glass  tube  in  the  top  of  the 
beU  jar,  the  lower  end  of  the  tube  being  about  one-half  inch  above 
the  surface  of  the  ether  solution  in  the  beaker.  The  air  current  is  so 
regulated  that  a  marked  ''dimple"  is  made  in  the  surface  of  the 
solution,  care  being  taken  to  prevent  any  loss  by  spattering.  The 
possibility  of  acid  being  mechanically  carried  over  from  the  cylin- 
ders is  avoided  by  connecting  an  empty  trap  between  the  cylinders 
and  the  beU  jar.  The  ether  vapors  pass  out  through  the  glass  tube 
in  the  side  tubulure  and  may  be  conducted  out  of  the  laboratory 
through  a  rubber  tube  passing  to  a  hood  or  out  of  a  window. 

The  low  temperature  produced  by  the  rapid  evaporation  of  the 
ether  minimizes  the  volatilization  of  the  nitroglycerin,  and  the  fact 
that  the  air  is  thoroughly  dried  prevents  any  deposition  of  moisture 
in  the  beaker,  so  that  it  is  not  necessary  to  desiccate  the  residue 
after  the  ether  has  entirely  volatilized* 

The  following  preliminary  tests  show  the  efficiency  of  the  method: 
A  weighed  quantity  of  nitroglycerin  was  dissolved  in  50  c.  c.  of  ether, 
the  ether  evaporated  as  described,  and  the  residue  in  the  beaker 
weighed  at  intervals. 
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Xoif  o/nUroglyeain  by  evaporation  of  ether  eolution  in  heU-Jar  evaporator. 
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U.  S.  P.  ether  (96  per  cent)  was  used  in  tests  A  and  B,  and  alcohol- 
free  ether  (distilled  oyer  sodium)  in  tests  C  and  D.  When  the  96  per 
cect  ether  was  used  a  distinct  odor  of  acetic  aldehyde  was  noticed 
and  the  rate  of  loss  of  weight  was  slightly  lower,  due  no  doubt  to  the 
presence  of  alcohol  in  the  ether. 

It  is  apparent  from  the  above  results  that  this  method  offers  a  con- 
Tenient  and  rapid  method  of  removing  the  ether  without  appre- 
ciable loss  of  nitroglycerin.  Evaporation  for  about  six  hours 
removes  the  ether  sufficiently  to  permit  determination  of  the  nitro- 
glycerin in  the  nitrometer. 

DETEKMINATIONS   OF  SULPHITR,  RESINS;  ETO. 

The  sulphur  used  in  dynamite  is  the  form  known  as  crushed  brim- 
stone. It  is  soluble  in  about  100  parts  of  ether  at  23.5^  C.  *  and 
unless  present  in  large  amount  in  the  sample  of  explosive  being 
analyzed  it  will  all  be  removed  by  the  extraction  with  ether.  How- 
ever, when  a  considerable  amount  of  sulphur  crystallizes  out  in  the 
ether  extract,  it  is  always  advisable,  after  the  water  extraction,  to 
make  a  further  extraction  of  the  explosive  with  carbon  disulphide, 
in  order  to  insure  the  complete  removal  of  the  sulphur. 

As  already  mentioned,  the  analysis  of  an  explosive  is  carried  out 
in  duplicate,  one  sample  of  the  ether  extract  being  used  lor  the  de- 
termination of  nitroglycerin,  the  duplicate  sample  being  used  for  the 
determination  of  sulphur,  resins,  etc.  The  duplicate  sample  is  treated 
as  follows:  The  weighed  extract  is  redissolved  in  a  mixture  of  ether 
and  alcohol  previously  neutralized  with  standard  alkali.  The  solu- 
tion thus  obtained  is  titrated  with  standard  alcoholic  potash  to  deter- 
mine resins,  phenolphthalein  being  used  as  an  indicator.  Determi- 
nations of  a  number  of  samples  of  commercial  rosin  (colophony) 
gave  rather  uniform  results,  1  c.  c.  of  normal  alkali  being  found 

•  Gody,  L.,  Tntte  tbterique  et  pntlqae  des  matttm  cspknlTflB,  1907,  p.  86.  ' 


42 


ANALYSIS  OF  BLACK  POWDER  AND  DTNAMITB. 


equal  to  0.34  gram  of  rosin,  which  agrees  with  the  value  given  by 
Lewkowitsch.® 

After  titration  a  large  excess  of  alcoholic  potash  is  added  and  the 
mixture  is  heated  on  the  steam  bath,  preferably  overnight,  in  order 
to  saponify  the  nitroglycerin.  It  must  be  remembered  that  nitro- 
glycerin so  treated  saponifies  slowly.  Hence  the  reaction  must  not 
be  hastened  by  heating  to  a  higher  degree  than  that  obtained  on  a 
water  bath,  as  an  explosion  may  result.  When  saponification  is  com- 
plete the  residue  left  upon  evaporation  is  shaken  with  water  and  ether 
and  separated  in  a  separatory  funnel.  Any  oily  material  (vaseline, 
paraffins,  etc.)  that  can  not  be  saponified  is  dissolved  in  the  ether  and 
may  be  weighed  after  evaporation.  The  water  solution  is  acidified 
with  hydrochloric  acid  and  treated  with  bromine  to  oxidize  the 
sulphur.  Any  rosin  that  was  originally  present  will  have  formed  a 
soap  with  the  alkali;  the  acid  decomposes  this  soap,  and  the  rosin 
separates  out  from  the  acid  liquid,  fioats  on  it,  and  may  be  readily 
removed,  dried,  and  weighed,  the  weight  serving  as  a  check  on  the 
results  of  titration.  The  sulphur  is  oxidized  to  sulphuric  acid  by  the 
bromine  and  may  be  determined  by  precipitation  as  barium  sulphate. 

Sulphur  may  be  separated  from  nitroglycerin  by  a  method  depend- 
ing on  the  fact  that  nitroglycerin  is  soluble  in  70  per  cent  acetic  acid, 
whereas  sulphur  dissolves  only  slightly  in  either  glacial  or  70  per  cent 
acetic  acid.  The  extent  to  which  sulphur  dissolves  in  acetic  acid 
was  determined  by  experiments  with  both  brimstone  and  flowers  of 
sulphiu*,  in  both  cases  the  material  being  pulverized  so  as  to  pass 
through  an  80-mesh  sieve. 

One  gram  of  sulphur  was  digested  in  100  c.c.  of  acetic  acid  for  a 
definite  period  of  time;  the  mixture  was  then  washed  on  to  a  weighed 
Gooch  crucible,  dried  for  five  hours  at  70^,  and  weighed.  The  loss  in 
weight  represented  the  amount  of  sulphur  dissolved  by  100  c.  c.  of 
acid.    The  results  were  as  follows: 

Solubility  oftulphur  in  aeetic  acid, 
Peterminations  by  J.  H.  Hunter.] 
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•  Lewkowitsch,  J.,  Chemical  technology  and  analysis  of  oils,  fata,  and  waxes,  yol.  1, 1909,  p.  502. 
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These  determinations  show  that  sulphur  (brimstone)  can  be  sepa- 
rated from  nitroglycerin  by  means  of  acetic  acid  (70  per  cent)  at  ordi- 
nary room  temperature  without  appreciable  loss  of  the  sulphur. 

EXTRAOTION   WCTH  WATEB. 

The  determination  of  water-soluble  constituents  is  made  on  the 
dried  and  weighed  residues  left  in  the  crucibles  after  extraction  with 
ether.  The  apparatus  used  consists  of  an  ordinary  heavy-walled 
side-neck  suction  flask  provided  with  a  rubber  stopper,  through  which 
passes  a  curbon  filter  tube.  The  crucible  is  inserted  in  the  top  of  the 
filter  tube,  a  tight  joint  being  obtained  by  means  of  a  short  length 
of  thin-walled  rubber  tubing.  As  the  analysis  is  made  in  duplicate, 
two  suction  flasks  so  arranged  are  connected  to  a  Y  tube,  and  both 
samples  are  extracted  at  once.  A  Bunsen  valve  or  an  empty  bottle 
to  serve  as  a  trap  should  be  inserted  between  the  Y  tube  and  the 
suction  pump  to  guard  against  any  tendency  of  the  water  to  ''suck 
back." 

Cold  water  is  used  for  the  extraction  because  hot  water  would 
partly  gelatinize  any  starch  that  might  be  present,  and  hot  water 
would  also  remove  more  soluble  organic  material  from  the  wood  pulp. 
The  water  is  passed  through  each  sample  in  small  quantities  (about 
20  c.  c.)  at  a  time.  The  sample  is  covered  with  water,  allowed  to  stand 
a  short  time,  and  suction  applied  until  all  the  water  has  passed  into 
the  flask.  This  process  is  repeated  until  at  least  200  c.  c.  of  water  has 
been  used.  If  each  portion  of  water  is  allowed  to  stand  on  the  sample 
for  a  short  time  and  then  thoroughly  sucked  out,  this  quantity  of 
water  is  more  than  sufficient  for  complete  extraction,  but  in  case  of 
doubt  a  few  drops  of  the  last  portions  of  the  filtrate  is  tested  by  evapo- 
ration on  a  glass  plate. 

If  starch  is  present  the  filtration  often  proceeds  very  slowly  because 
of  the  tendency  of  the  starch  to  separate  at  the  bottom  of  the  crucible 
and  form  an  almost  impermeable  layer  on  top  of  the  asbestos  mat. 
Id  such  cases  the  use  of  stronger  suction  simply  increases  the  densit}' 
of  this  mass  and  retards  rather  than  aids  filtration.  When  any  con- 
siderable quantity  of  starch  has  been  detected  in  the  qualitative 
examination,  it  is  advisable  to  make  use  of  porous  alundum  crucibles 
for  the  analysis,  since  these  allow  the  filtrate  to  pass  through  the 
walls  above  the  dense  material  at  the  bottom.  With  these  crucibles 
it  is  necessary  to  use  carbon  tubes  of  such  diameter  that  the  crucible 
projects  the  greater  part  of  its  depth  into  the  tube,  being  held  by  the 
rubber  about  one-fourth  inch  from  its  top.  If  this  is  not  done  there 
is  a  tendency  for  the  filtrate  to  leak  out  of  the  crucible  above  the 
rubber. 
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These  porous  crucibles  have  been  found  decidedly  conyenient, 
especially  in  the  case  of  materials  that  tend  to  clog  the  ordinary 
Gooch  crucible. 

The  water  extraction  having  been  completed,  the  crucibles,  with 
their  contents,  are  again  placed  in  the  diying  oven  and  dried  for  five 
hours  at  about  95  to  100^  C.  No  additional  loss  results  from  longer 
drying  at  this  temperature,  and  frequently  to  save  time  samples  are 
dried  overnight.  After  cooling  in  a  desiccator  the  crucibles  are 
weighed  and  the  loss  of  weight  noted.  This  loss  of  weight  repre- 
sents the  total  water-soluble  material,  and,  in  addition  to  the  water- 
soluble  salts  detected  in  the  qualitative  examination,  includes  organic 
extract  from  the  wood  pulp,  flour,  or  other  absorbent.  When  cereal 
products  are  present  the  amount  of  organic  material  thus  extracted 
may  amount  to  2  per  cent  or  more,  including  sugars,  etc.,  that  form 
constituent  parts  of  the  grain.  Frequently  the  antacid  used,  generally 
calcium  carbonate  or  magnesium  carbonate,  is  attacked  by  acid 
decomposition  products  from  the  nitroglycerin,  a  portion  of  the  car- 
bonate being  thereby  converted  to  nitrate  or  nitrite.  In  such  cases 
some  calcium  or  magnesium  is  found  in  the  water  extract. 

Usually  the  only  water-soluble  constituent  to  be  considered  in  an 
ordinary  dynamite  is  an  alkaline  (sodium  or  potassium)  nitrate. 
When  an  approximate  analysis  only  is  desired  it  is  generally  con- 
sidered sufficient  to  regard  the  total  loss  of  weight  on  extraction  as 
nitrate,  but,  as  shown  above,  this  frequently  gives  erroneous  results. 

DETERMINATION  OF  ALKALINE  NITRATES. 

The  method  best  suited  for  determination  of  nitrates  is  the  follow- 
ing: An  aliquot  portion  of  the  water  extract  is  evaporated  to  dryness 
on  a  water  bath  and  the  residue  gently  ignited  to  burn  off  the  organic 
matter.  After  cooling,  the  sides  of  the  evaporating  dish  are  washed 
down  with  a  few  cubic  centimeters  of  water,  about  1  c.  c.  of  nitric 
acid  is  added,  the  evaporation  repeated,  and  the  residue  heated  gently 
over  a  burner  until  just  fused,  or  the  residue  is  dried  in  an  oven  at 
about  120^  C.  The  treatment  with  nitric  acid  is  necessary  for  the 
complete  conversion  to  nitrate  of  any  nitrite  resulting  from  burning 
off  the  organic  matter.  The  treatment  should  be  repeated  until  the 
weight  of  the  residue  is  constant. 

The  weighed  residue  is  calculated  as  percentage  of  nitrate  in  the 
original  explosive.  Since  tins  weight  necessarily  includes  any  non- 
volatile water-soluble  impurities  originally  present  in  the  nitrate,  as 
iron,  aluminum,  chlorides,  sulphates,  etc.,  for  an  exact  analysis  it  is 
necessary  to  ascertain  the  amount  of  such  impurities  by  volumetric 
or  gravimetric  determinations  on  fresh  aliquot  portions  of  the  wat^r 
extract,  or  a  direct  determination  of  the  true  nitrate  content  may  be 
made  in  the  nitrometer  as  described  on  the  following  page. 
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An  aliquot  portion  of  the  water  extract  estimated  to  contain 
the  proper  amount  of  nitrate  for  determination  in  the  nitrometer 
(about  0.6  to  0.8  gram  of  NaNO,  or  0.8  to  LO  gram  of  KNO,  for 
the  type  of  nitrometer  previously  described,  p.  35)  is  evaporated 
almost  to  dryness  on  a  steam  bath  and  transferred,  by  means  of  as 
little  water  as  possible,  to  the  cup  of  the  nitrometer.  The  amount  of 
water  used  should  not  exceed  20  c.  c.  This  solution  is  drawn  into 
the  generator,  and  30  to  40  c.  c.  of  sulphuric  acid  (95  to  96  per  cent) 
is  added  slowly,  in  small  quantities  at  first  to  avoid  generating  suf- 
ficient heat  to  crack  the  glass.  Because  of  the  dilution  of  the  acid 
the  generation  of  the  gas  proceeds  much  more  slowly  than  in  the 
determination  of  nitroglycerin,  and  it  is  necessary  to  shake  the  gen- 
erator for  a  total  time  of  about  8  to  10  minutes  in  order  to  be  certain 
that  the  reaction  is  complete.  The  volume  of  gas  is  measured  and 
the  percentage  of  nitrate  is  calculated  in  the  same  manner  as  in  the 
case  of  nitroglycerin.  This  method  is  excellent  for  use  as  a  check  or 
for  an  exact  determination  of  the  actual  nitrate  content. 

Tests  made  on  a  1  per  cent  solution  of  pure  potassium  nitrate  by 
both  the  gravimetric  and  volumetric  methods  described  above  gave 
results  as  foUows: 

RauUi  of  deUnmnationt  of  nitnUes  in  a  water  9oluHon  hy  the  gravimetric  and  by  the 

volumetric  method. 

(Determiiiatioiis  hy  J.  H.  Hnnter.] 


Test 

No. 

Volume  of 

solution 

uaed. 

• 

Weijdit 

ofKNOi 

toed. 

Qnyimet- 

rio 
method. 

Volumetric  method. 

Weight 

OfKNOs 

found. 

Reading 
of  nitrom- 
eter (N). 

Weight 

OfKNOs 

found. 

1 
2 
3 

4 
ft 
6 

e.c. 
100 
100 
100 
100 
100 
100 

Oraiiu. 
1.0000 
1.0000 
al.OOOO 
•  1.0000 
M.UOOO 
M.OOOO 

Oranu. 
0.0994 

Oram*. 

13.92 

1.0080 

.9997 

13.92 

1.0086 

1.0004 

13.93 

1.0043 

•  Two  ODB-handredths  gnun  of  susar  was  added  to  the  100  c.  c.  of  nitrate  solution. 

k  Two  ooa*hiindredths  gram  of  soaium  chloride  was  added  to  the  100  c.  o.  of  nitrate  solution. 


EXTRACTION   WITH  AOID. 

As  already  pointed  out,  the  materials  most  commonly  used  as 
antacids  are  the  carbonates  of  calcium  or  magnesium  or  the  oxide  of 
zinc.  Frequently  ground  dolomite  is  used,  in  which  case  both  cal- 
cium and  magnesium  must  be  determined.  The  qualitative  exam- 
ination will  have  shown,  however,  what  acid-soluble  materials  are 
present 
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The  procedure  to  be  followed  in  making  the  acid  extraction  depends 
on  whether  or  not  starch  is  present  in  the  explosive.  In  either  case 
the  dried  and  weighed  residue  insoluble  in  water  is  used  for  the 
treatment  with  acid. 

In  the  absence  of  starch  a  simple  extraction  is  made  with  cold 
dilute  hydrochloric  acid  (1:10),  100  c.  c.  being  drawn  through  the 
sample  in  the  crucible  in  small  successive  portions,  as  described 
under  ** Extraction  with  water''  (p.  43).  Several  portions  of  water 
are  then  drawn  through  to  wash  out  the  acid,  and  the  crucible  with 
the  insoluble  residue  is  dried  as  before  for  five  hours  at  95  to  100®  C. 
It  is  sufficiently  accurate  to  use  this  "loss-of -weight"  figure  as  the 
amount  of  antacid,  as  the  amount  of  organic  material  extracted 
from  the  wood  pulp  will  be  very  small,  but  if  greater  accuracy  is 
desired  a  quantitative  determination  of  the  dissolved  base  or  bases 
may  be  made  by  the  usual  gravimetric  methods 

DETERMINATION  OF  CALCIUM. 

Calcium  is  determined  as  follows:  An  excess  of  ammonium  hydrox- 
ide is  added  and  the  solution  boiled.  Any  precipitate  of  iron  or 
aluminum  hydroxides  may  be  filtered  oflF,  ignited,  and  weighed,  but 
the  amount  of  such  impurities  is  usually  so  small  that  it  may  be 
disregarded  and  calciiun  precipitated  without  previous  filtration. 
Hot  ammonium-oxalate  solution  is  added  in  slight  excess  to  the 
boiling  solution  and  the  boiling  is  continued  for  a  short  time.  The 
precipitate  is  allowed  to  settle  completely,  and  then  is 'filtered,  dried, 
and  weighed  as  CaCaO^,  or  is  ignited  and  weighed  as  CaO. 

DETERMINATION  OF  MAGNESIUM. 

Magnesium  is  determined  in  the  filtrate  from  the  calcium  deter- 
mination by  concentrating  to  about  100  c.  c,  adding  an  excess  of  a 
solution  of  sodium  hydrogen  phosphate  to  the  hot  solution,  then  a 
large  excess  of  ammonium  hydroxide,  and  allowing  the  phosphate 
precipitate  to  separate  completely  by  standing  for  several  hours. 
The  precipitate  is  filtered  in  a  Gooch  crucible,  washed,  ignited,  and 
weighed  as  MgaPjO,. 

DETERMINATION   OF  ZING. 

Zinc  is  precipitated  with  NajCO,  solution  as  carbonate,  ignited, 
and  weighed  as  ZnO.  If  ammonium  salts  are  present  the  zinc  is 
precipitated  with  HjS  as  ZnS,  the  ZdS  filtered  oflf,  redissolved,  and 
precipitated  as  carbonate.  The  determination  of  zinc  is  more  fully 
considered  in  the  discussion  of  ammonia  dynamites  on  page  58. 
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When  starch  is  present  both  the  starch  and  the  antacid  are  removed 
in  one  operation  by  boiling  with  dilute  acid,  whereby  the  starch  is 
rendered  soluble  by  conversion  to  dextrin.  In  carrying  out  this 
process  the  material  in  the  crucible  is  moistened  with  water  and 
completely  transferred  with  a  spatula,  or  by  washing  with  a  stream 
of  water  from  a  wash  bottle,  into  a  beaker  of  about  500  c.  c.  capacity. 
If  a  Gooch  crucible  is  used  the  asbestos  is  removed  with  the  residue 
and  the  clean  crucible  dried  and  weighed.  From  the  original  weight  of 
the  crucible  plus  the  asbestos  the  weight  of  the  asbestos  is  ascertained 
and  deducted  from  the  final  weight  of  dried  residue  remaining  after 
hydrolysis.  The  volume  of  water  in  the  beaker  is  made  up  to  about 
250  e.  c,  and  about  3  c.  c.  hydrochloric  acid  (specific  gravity  1.2)  is 
added,  and  the  mixture  is  stirred  and  brought  to  boiling  over  a 
burner.  Boiling  is  continued  until  the  starch  is  entirely  hydrolized, 
a  drop  of  the  acid  mixture  being  tested  from  time  to  time  on  a  spot 
plate  with  a  solution  of  iodine  in  potassium  iodide  until  a  blue  color- 
ation is  no  longer  obtained.  Longer  boiling  will  only  result  in  loss 
of  extractive  material  from  the  wood  pulp. 

The  boiled  material  is  then  at  once  filtered  through  a  fresh  crucible 
or  through  the  original  porous  crucible,  if  such  was  used,  washed 
several  times  with  water,  dried  as  before,  and  weighed.  If  the 
figures  representing  the  weight  include  the  weight  of  the  asbestos  mat 
from  a  Gooch  crucible,  the  proper  correction  for  the  weight  of  the 
asbestos  is  made  as  noted  above. 

The  amount  of  antacid  contained  in  the  acid  filtrate  is  ascertained 
by  a  gravimetric  determination  as  previously  described. 

It  has  already  been  noted  (p.  44)  that  small  amounts  of  soluble 
organic  material  (sugars,  dextrin,  etc.)  from  flour  or  other  cereal 
products  and  extract  from  the  wood  pulp  wiU  be  found  in  the  water 
solution.  In  sununarizing  the  results  of  analysis  it  is  of  course 
impossible  to  know  what  portion  of  such  extracted  organic  material 
constituted  part  of  the  flour  and  what  portion  should  properly  be 
added  to  the  wood  pulp.  Similarly,  the  organic  material  dissolved 
during  the  acid  hydrolysis  includes  not  only  such  portions  of  the 
grain  as  starch  and  gluten  but  soluble  portions  of  the  wood  pulp. 

It  is  customary  in  quoting  the  results  of  analysis  to  include  all 
such  soluble  organic  material  from  both  water  and  acid  extractions 
under  the  term  '' starch,"  and  the  insoluble  residue  is  designated 
as  ''wood  pulp  and  crude  fiber."  In  other  words,  the  weight  of 
insoluble  reddue  dried  at  100°  is  called  ''wood  pulp  and  crude  fiber,' ' 
whereas  the  Bum  of  this  constituent  and  of  the  ingredients  determined 
in  tile  ether,  water,  and  add  solutions,  deducted  from  the  weight  of 
original  sample,  is  called  "  starch.' ' 
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In  the  case  of  a  dynamite  which  contains  no  cereal  product,  the 
sum  of  the  determined  ingredients  deducted  from  the  weight  of 
original  sample  is  taken  as  the  amount  of  wood  pulp  present  and 
includes  the  material  extracted  from  the  pulp  by  the  water  and  acid 
treatment  as  well  as  the  insoluble  residue  found  by  direct  weight. 

The  actual  amounts  of  wood  pulp  and  of  cereal  products  added  in 
manufacture  can  not  therefore  be  definitely  determined,  since  por- 
tions of  each  will  be  found  in  the  ether,  the  water,  and  the  acid 
extractions  as  well  as  in  the  insoluble  residue. 

In  order  to  determine  to  what  extent  the  wood  pulp  in  a  dynamite 
is  affected  by  the  various  extractions,  etc.,  necessary  in  the  course 
of  analysis  of  the  dynamite,  dried  samples  of  various  grades  of  pulp 
were  submitted  to  the  treatment  through  which  the  insoluble  wood 
pulp  residue  in  a  sample  of  dynamite  had  passed. 

Samples  of  2  to  3  grams  of  wood  pulp  were  weighed  in  Gooch 
crucibles,  dried  to  constant  weight,  and  extracted  successively  with 
ether,  water,  and  cold  hydrochloric  acid  (1 :10),  and  then  boiled  for  15 
minutes  with  dilute  hydrochloric  acid  (1 :100).  The  latter  treatment 
would  be  necessary  if  starch  were  present  with  the  wood  pulp  in  an 
explosive.  After  each  operation  the  sample  was  dried  five  hours  at 
100^,  and  the  loss  of  weight  was  determined.  The  results  were  as 
follows: 

Results  of  analyses  of  wood  pulp. 


Samplt 
No. 

Loss  of  weight  (p«r  cuit  of  dry  aunplOb) 

PflrosQtagt 

OflXBOl- 

uble 
lesldneL 

Extrsctton 
with  ether. 

Eztnction 

with  ootd 

water. 

EztrBclioii 
withoold 
Ha(l:10). 

B<rf]liig 

wlthHCl 

(1:100) 

I 

2 

3 

4. 

2.66 
2.78 
2.09 
1.96 

2.67 
2.89 
2.23 
2.84 

L41 
.42 
.63 

LOS 

6.91 
1.76 
8.93 
4.83 

^.46 
92.16 
91.22 
89.86 

These  experiments  show  that  the  final  insoluble  residue  that  is 
weighed  as  wood  pulp  may  be  only  about  90  per  cent  of  the  amount 
of  dry  wood  pulp  actually  present  in  the  dynamite.  A  part  of  the 
loss  is  determined  as  rosin  in  the  ether  extract,  and  the  portions 
extracted  with  water  and  hot  acid  are  calculated  as  starch  (if  starch 
has  been  determined).  When  starch  is  not  present  the  error  in  the 
determination  of  pulp  is  much  less  as  the  boiling-acid  treatment  is 
dispensed  with.  The  analysis  can  then  be  made  accurate  by  direct 
determination  of  the  water-soluble  nitrate  and  of  the  antacid  as 
described  above,  and  the  amount  of  wood  pulp  can  be  found  by 
subtracting  the  sum  of  the  percentages  of  moisture,  nitroglycerin, 
alkaline  nitrate,  and  antacid  from  100  per  cent.  This  amount  vniU 
be  in  excess  of  the  percentage  of  insoluble  residue  found,  according 
to  the  amounts  of  pulp  extracted  by  the  water  and  acid. 
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VXAJONATION  OF  INSOLUBUS  KBBIDUE. 
DSTBRMINATEON  OF  WOOD  PULP,  WtO, 

The  residue  that  remains  after  the  ether  extraction,  the  water  ex- 
traction, and  the  extraction  with  dilute  acid  is  usually  a  mixture  of 
wood  pulp,  sawdust,  or  other  form  of  cellulose  or  lignin.  When  com 
meal,  flour,  middlings,  bran,  etc.,  are  present  in  the  dynamite,  the  resi- 
due will  contain  the  nonstarchy  portions  of  these  materials,  either  free 
or  mixed  with  wood  pulp.  In  general,  ordinary  dynamite  contains 
wood  pulp  alone  as  tlie  absorbent,  but  low-freezing  dynamites  and 
''straight"  dynamites  containing  less  than  40  per  cent  of  nitro- 
glycerin often  contain  considerable  quantities  of  com  meal,  wheat 
middlings,  or  low-grade  flour. 

Infusorial  earth  was  formerly  much  used  as  an  absorbent  for  nitro- 
^cerin,  but  in  recent  years  it  has  seldom  been  so  used  in  this  coun- 
try, having  been  almost  entirely  replaced  by  an  active  base  or  dope. 

If  the  hydrochloric  acid  has  not  been  thoroughly  washed  from  the 
insoluble  residue,  the  wood  pulp  will  considerably  darken  in  color 
during  the  drying  process.  From  its  physical  structure,  as  observed 
without  magnification,  or  with  a  small  lens,  much  information  may 
be  gained  in  regard  to  the  probable  composition  of  the  insoluble 
residue,  but  in  all  cases  the  examination  is  best  made  under  the 
microscope,  with  a  low-power  objective,  one  of  32-mm.  focus  being 
suitable.  One  of  the  duplicate  samples  of  insoluble  residue  is  used 
fbr  microscopic  and  chemical  examination,  and  one  for  the  deter- 
mination of  ash.  A  small  amount  of  the  sample  which  is  to  be  used 
for  microscopic  and  chemical  examination  is  removed  from  the 
crucible,  placed  upon  a  microscope  slide,  and  moistened  with  one 
or  two  drops  of  water.  By  means  of  a  platinum  needle  the*  material 
is  then  carefully  spread  out,  but  no  cover  glass  is  used.  Wood 
pulp,  the  most  common  constituent  in  the  residue  of  ordinary  dyna- 
mite, will  be  seen  as  separate  fibers  or  bunches  of  fibers  of  very 
characteristic  appearance. 

In  Plate  IV,  A  and  B,  wood  pulp  of  different  grades  is  illustrated, 
and  the  characteristic  appearance  of  sawdust  or  dust  from  certain 
types  of  woodworking  machinery  is  shown  in  Plate  IV,  O.  The 
bimdles  or  clusters  of  fibers  are  characteristic  of  such  materials. 
Typical  samples  of  infusorial  earth  (kieselguhr)  are  shown  in  Plate 
IV,  D  and  E.  It  should  be  noted  that,  as  plainly  shown  in  the  fig\ires, 
widely  differing  types  of  infusorial  earth  exist,  forms  of  organisms 
appearing  in  one  sample  which  will  not  be  found  in  another.  The 
general  appearance  of  shell  remains  is  a  definite  indication  of  the 
presence  of  diatomaceous  or  infusorial  earth.  The  sample  shown 
in  Plate  IV,  D,  was  obtained,  through  the  courtesy  of  Dr.  Q.  P. 
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Merrill,  from  the  National  Museum,  Washington,  D.  C.  (Specimen 
No.  6555,  from  Comwallis,  Nova  Scotia.) 

The  appearance  of  the  "husks''  or  crude  fiber  from  coarse  wheat 
flour  (middlings),  after  hydrolysis  of  the  starch,  is  shown  in  Plate 
IV,  F;  the  cellular  structure  of  the  irregularly  shaped  particles  of 
fiber  is  readily  seen. 

A  and  B,  Plate  V,  represent  cellulose  (cotton)  and  nitrocellulose, 
respectively.  These  two  materials  can  not  be  distinguished  from 
each  other  by  microscopic  examination  in  ordinary  light,  but  in 
polarized  Ught  a  decided  difference  is  noted,  the  unnitrated  fibers 
appearing  in  brilliant  colors  and  the  nitrated  fibers  dark. 

In  the  case  of  the  presence  of  cereal  products  it  is  often  of  value  to 
make  a  microscopic  examination  of  the  residue  insoluble  in  water 
before  hydrolysis  of  the  starch.  In  Plate  V,  (7,  D,  and  JE,  such 
materials  are  shown.  C  represents  ordinary  fine  wheat  flour;  D, 
wheat  flour  mixed  with  wood  pulp;  Ey  coarse  wheat  flour  or  mid- 
dlings; and  F,  com  meal.  Characteristic  differences  in  the  appear- 
ance of  the  starch  granules  of  wheat  and  com  are  of  aid  in  identifying 
these  cereals,  the  wheat  starch  granules  being  in  general  well  rounded 
or  oval,  whereas  the  cornstarch  granules  are  almost  always  dis- 
tinctly polygonal  in  shape. 

DETERMINATION   OF  ASH. 

•- 

The  remaining  sample  of  residue  from  acid  extraction  is  used  for 
the  determination  of  ash,  and  may  be  either  incinerated  in  the  cruci- 
ble that  has  been  used  for  extraction,  or  the  residue,  together  with  the 
asbestos  mat, may  be  removed  to  a  platinum  crucible  and  ignited; 
in  this  case  there  is  subtracted  from  the  ash  the  kno^ox  weight  of 
asbestos  present  in  the  mat.  The  ash  of  an  ordinary  dynamite,  con- 
taining only  wood  pulp,  sawdust,  or  com  meal  as  absorbents,  will 
seldom  amount  to  more  than  0.20  per  cent.  When  the  amount  of  ash 
present  is  as  much  as  0.5  per  cent  the  ash  should  in  all  cases  be 
examined  under  the  microscope  to  determine  the  possible  presence 
of  infusorial  earth  or  other  inorganic  material  (pulverized  glass,  sand, 
etc.),  provided  the  presence  of  these  materials  has  not  already. been 
detected  by  the  microscopic  examination.  A  high  ash  content  may 
also  indicate  that  either  the  water  or  acid  extractions  have  not  been 
complete.  In  this  respect  the  ash  determination  may  be  regarded 
as  a  check  on  the  analysis. 

VARIATIONS  DUE  TO   METHOD  OP  ANALYSIS. 

In  order  to  ascertain  to  what  extent  the  results  of  analysis  of  a 
dynamite  would  be  effected  by  variations  in  the  method  of  analysis, 
uniform  samples  of  a  45  per  cent  dynamite  were  submitted  to  the 
laboratories  of  1 1  explosives  works,  with  the  request  that  analyses  be 
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made  by  the  methods  regularly  in  use  in  each  laboratory  and  results 
reported,  together  with  brief  notes  as  to  the  method  used. 

The  samples  were  prepared  as  follows:  Fifty  cartridges  of  a  lot  of 
45  per  cent  dynamite  were  opened,  about  two-thirds  of  each  cartridge 
removed  (the  ends  being  rejected),  and  broken  up  finely  in  a  porce- 
lain dish  by  means  of  a  horn  spoon.  All  of  these  portions  were  then 
mixed  together  very  thoroughly  in  a  large  porcelain  dish.  From  this 
aniform  mixture  about  20  sample  bottles  (150  c.  c.  capacity)  wore 
filled,  the  contents  of  each  bottle  then  being  emptied  out  separately 
iiito  a  dish,  carefully  mix^  again,  and  replaced  in  the  bottle.  Each 
sample  represented  about  150  grams. 

Eleven  of  these  samples  were  sent  to  different  laboratories,  as  noted 
above,  and  seven  of  them  analyzed  in  the  bureau's  explosives  chemi- 
cal laboratory  by  different  analysts.  Careful  instructions  were  sent 
with  each  sample,  that,  in  order  to  compensate  for  any  segregation 
occurring  in  shipment,  the  entire  sample  should  be  thoroughly  mixed 
before  analysis. 

The  results  of  the  analyses  of  these  samples  are  shown  in  the  fol- 
lowing table: 

Analyses  of  uniform  samples  of  dynamite. 
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1.60 
1.00 
1.19 
1.15 
1.04 
1.26 
.06 
1.18 

44.50 
46.70 
45.50 
46.48 
45.35 
45.22 
45.24 
45.42 

37.40 
37.57 
37.54 
37.(59 
37.66 
37.33 
37.87 
37.60 

1.00 
1.17 
1.15 
1.16 
1.10 
1.20 
1.21 
1.19 

15.50 
14. 5() 
14.  G2 
14.52 
14.85 
14.88 
14.70 
14.61 

1 

45.87 
45.31 

45.22 
45.17 

45.41 

45.14 

•  The  remarkable  diflerenoe  noted  in  the  analysis  of  this  sample  as  compared  with  all  other  .sampler,  H 
doe  to  the  fsct  that,  through  misunderstanding,  this  sample  was  not  mixed  on  being  received.  After 
sereral  analyses  had  bera  made  with  widely  varving  results,  the  remainder  of  the  sample  was  mixed  bv 
robbing  through  sJeves.  This  treatment  probably  resulted  in  considerable  loss  of  nitroglycerin.  Sample 
F  is  therefore  not  considered  in  the  discussion  of  results. 

*  No  report  reoelTed. 

Samples  A  to  L  were  analyzed  in  the  laboratories  of  various  powder 
companies  and  samples  M  to  Q  in  the  bureau's  laboratory;  P2  and 
P3  were  analyzed  by  men  under  instruction;  not  members  of  the 
laboratory  force  of  the  bureau. 
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DISOUSSION  OF  ANALTSB8. 
ICOIfiTUBB. 

The  methods  employed  were  as  follows: 

Samples  E,  J,  and  M  to  Q,  inclusive — 3  grams  desiccated  on  watch 
glass  over  H,S04  for  3  days  (0.98-1.26  per  cent). 

Sample  A — 6  to  10  grams  on  watch  glass,  3  days  over  HjSOi 
(1.21  per  cent). 

Sample  B — 3  grams  on  watch  glass,  2  days  over  Cad,  (0.89  per 
cent). 

Sample  D — 6  grams  on  watch  glass,  24  hours  over  HjSOi  in  vac- 
uum (0.91  per  cent). 

Sample  C — 2  grams  on  watch  glass,  24  hours  over  HjSOi,  15  inches 
vacuum  (0.99  per  cent). 

Sample  H — 6  grains  in  Gooch  crucible,  48  hours  over  H,S04  at 
40'' C.  (1.36  per  cent). 

Sample  G — 10  grams  in  4-ounce  bottle,  dry-air  current  passing 
over  surface  of  sample  for  24  hours  (0.41  per  cent). 

Sample  L — 10  grams  in  drying  tube,  dry-air  current  passing  throfigh 
sample  for  24  hours  (1.60  per  cent). 

It  is  noted  that  desiccation  on  a  watch  glass  over  H3SO4  for  three 
days  gave  only  0.3  per  cent  maximum  variation,  results  obtained 
with  the  aid  of  vacuum  for  24  hours  Being  a  little  low.  Two  days 
over  Cad,  gave  low  results.  High  results  were  obtained  by  desic- 
cating at  40^  C.  and  by  passing  dry  air  through  the  sample,  from 
loss  of  nitroglycerin  under  these  conditions.  Passing  dry  air  over 
the  surface  of  the  sample  gave  low  results,  as  might  be  expected. 

NITROGLTOBRIN. 

The  results  obtained  in  the  bureau's  laboratory  with  samples  M  to 
Q  varied  from  45.22  to  45.70  per  cent.  Samples  of  5  to  10  grams  in 
Gooch  crucibles  were  extracted  for  one  hour  with  U.  S.  P.  ether  (96 
per  cent)  in  the  Wiley  apparatus  and  the  residues  dried  five  hours 
at  100®  C.  The  loss  in  weight  minus  the  moisture  previously  deter- 
mined was  taken  as  the  nitroglycerin  content.  Samples  B,  E,  and  J 
were  analyzed  in  the  same  manner,  giving  results  from  44.52  to 
44.99  per  cent.  Samples  A,  C,  D,  G,  and  L  were  extracted  with 
ether  by  means  of  suction,  7  to  10  grams  of  sample  being  treated 
with  five  or  six  successive  portions  of  ether  (amounts  varying  from 
50  to  120  c.  c).  Samples  A,  C,  and  D  were  dried  to  constant  weight 
in  steam  ovens  after  extracting  (the  time  of  drying  not  noted);  Q 
was  dried  at  100*"  to  105'',  and  L  for  two  hours  at  95*".  The  results 
varied  from  43.90  to  45.25  per  cent.  The  results  obtained  in  the 
bureau's  laboratory  (45.22  and  45.70  per  cent)  are  uniformly  higher 
than  those  obtained  in  other  laboratories  (43.90  to  45.25  per  cent). 
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Nitrometer  determinations  on  three  samples  (column  7)  showed  the 
true  nitroglycerin  content  of  the  evaporated  ether  extracts  to  be 
approximately  45.2  per  cent. 

No  explanation  can  be  given  for  the  large  number  of  results  in 
which  the  amoimts  of  nitroglycerin  found  are  uniformly  low,  except 
failure  to  observe  one  or  more  of  the  following  precautions:  (1)  The 
extraction  must  be  complete;  (2)  the  residue  must  be  dried  to  con- 
stant weight  at  a  temperature  of  about  100^  C. ;  (3)  the  dried  resi- 
due must  be  cooled  in  an  efficient  desiccator  and  weighed  as  soon  as 
cooled. 

POTASSIUM  NITBATB. 

The  results  obtained  in  the  bureau's  laboratory  varied  from  37.33 
to  37.87  per  cent.  The  determination  was  made  by  extracting  the 
residue  insoluble  in  ether  with  about  200  c.  c.  of  water,  and  deter- 
mining the  nitrate  in  an  aliquot  part  of  the  water  solution  by  evap- 
oration, as  described  on  page  44.  No  correction  was  made  for  traces 
of  chlorides,  etc.,  in  the  solution.  The  determination  on  sample  H 
was  made  in  the  same  manner,  giving  38.09  per  cent,  while  on  sample 
L  an  aliquot  portion  of  the  water  extract  was  analyzed  in  the  nitro- 
meter with  a  result  of  37.40  per  cent.  All  the  remaining  samples 
were  extracted  with  water,  the  insoluble  residues  dried  at  about  1 00  C^. 
and  weighed,  the  loss  of  weight  being  regarded  as  potassium  nitrate. 
This  method  gave  high  results  (38.05  to  39.14  per  cent)  owing  to  the 
water-soluble  organic  matter  extracted  from  the  wood  pulp. 

CALCn7M  CA.BB0NATB. 

In  samples  L  to  Q  the  calcium  carbonate  was  determined  gravi- 
metrically  in  the  dilute-acid  extract;  in  samples  C  and  D  by  direct 
titration  of  the  residue  insoluble  in  water,  or  of  the  ash  left  after 
burning  off  the  pulp;  in  A,  B,  E,  and  J  the  loss  of  weight  on  extrac- 
tion with  dilute  acid  was  considered  as  calciiun  carbonate,  while  in 
G  and  H  the  ash  was  assumed  to  be  entirely  calcium  carbonate.  The 
variations  are  of  minor  importance  and  no  conclusions  can  be  drawn 
from  the  results. 

WOOD  PULP. 

Variations  in  the  method  of  determining  the  potassium  nitrate 
influence  the  proportion  of  wood  pulp  reported.  When  the  loss  of 
weight  on  extracting  with  water  is  assumed  to  be  entirely  potassium 
nitrate,  in  spite  of  the  fact  that  it  contains  considerable  organic 
matter  extracted  with  the  wood  pulp,  the  proportion  of  wood  pulp 
found  will  be  lower  than  if  the  nitrate  is  determined  by  a  direct 
method  and  the  wood  pulp  by  difference.  The  percentage  of  wood 
pulp  being  found  by  subtracting  the  sum  of  all  other  constituents 
from  100  per  cent,  no  comparison  of  results  is  possible. 


GELATIN  DYNAMITE. 


Unlike  ordinary  dynamite,  which  contains  nitroglycerin  absorbed 
in  a  porous  material,  gelatin  dynamite  contains  nitroglycerin  com- 
bined with  nitrocellulose  to  form  a  plastic  solid.  When  nitroglycerin 
is  warmed  with  nitrocellulose  containing  about  12  per  cent  of  nitro- 
gen, the  nitroglycerin  dissolves  the  nitrocellulose,  and  a  thick,  vis- 
cous mass  is  produced  which  resumes  a  jelly-like  consistency  as  soon 
as  it  has  cooled.  When  as  little  as  3}  per  cent  of  nitrocotton  is  dis- 
solved in  nitroglycerin  at  60°,  the  material  should  form  a  jelly-like 
nonflowing  mass  when  cooled  to  ordinary  temperatures,  but  when 
smaller  amounts  of  nitrocellulose  are  used  the  viscosity  of  the  solu- 
tion becomes  less.  The  explosive  known  as  ''blasting  gelatin'' 
consists  of  about  93  to  90  per  cent  of  nitroglycerin  and  7  to  10  per 
cent  of  nitrocellulose,  and  is  a  translucent,  jelly-like  mass,  containing 
the  highest  percentage  of  nitroglycerin  used  in  any  solid  explosive. 

Any  explosive  containing  nitroglycerin  combined  with  nitrocellu- 
lose in  connection  with  an  active  base  consisting  of  a  nitrate  and 
combustible  material  is  termed  a  ''gelatin  dynamite."  The  gelatin 
dynamites  have  many  properties  that  make  them  desirable  for  mining 
work,  their  greatest  advantage  being  that  they  are  almost  unaffected 
by  water. 

SAHFLINa. 

The  coherent,  pasty,  doughlike  consistency  of  gelatin  dynamite 
renders  the  preparation  of  a  uniform  sample  much  more  difficult  than 
is  the  case  with  ordinary  dynamite. 

A  sample  is  prepared  from  one  or  more  cartridges  by  cutting  off 
portions  from  different  parts  of  each  stick;  these  portions  are  then 
cut  into  thin  pieces  and  broken  up  as  finely  as  possible  by  means  of  an 
aluminum  or  platinum  spatula.  The  use  of  a  steel  spatula  or  knife 
is  not  to  be  recommended.  The  sample  so  prepared  is  well  mixed 
and  bottled,  and  because  of  its  tendency  to  form  a  solid  mass  again 
on  standing,  it  should  be  analyzed  as  soon  as  possible  after  being 
prepared. 

The  ingredients  that  may  be  found  in  the  various  types  of  gelatin 
dynamite  are  nitroglycerin;  nitrocellulose;  sulphur;  rosin;  sodium, 
potassium,  or  ammonium  nitrate;  calcium  or  mi^esium  carbonate; 
wood  pulp;  and  cereal  products. 

Moisture  is  determined  in  the  manner  previously  described. 
64 
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The  extraction  with  ether  is  made  as  for  dynamite  except  that  ether 
distilled  over  sodium  (that  is,  ether  frcetrom  alcohol)  is  used  in  order 
to  avoid  the  partial  solution  of  the  nitrocellulose.  Nitrocellulose  is 
insoluble  in  pure  ether,  but  a  small  percentage  of  alcohol  present  as  an 
impurity  may  cause  the  solution  of  a  considerable  proportion  of  this 
constituent,  and  as  the  amount  of  nitrocellulose  is  usually  only  0.5  to 
2  per  cent  its  determination  should  be  accurate. 

The  ether  solution  containing  the  nitroglycerin,  sulphur,  and  rosin 
is  treated  in  the  manner  already  described,  and  the  water  extraction 
of  the  dried  and  weighed  insoluble  residue  is  made  in  the  usual  way. 

8XJLPHUB. 

If  the  percentage  of  sulphur  is  unusually  high,  or  if  the  extraction 
with  ether  has  not  been  continued  long  enough,  some  sulphur  may 
remain  in  the  dried  residue  left  after  water  extraction,  in  which  case 
an  additional  extraction  is  made  with  carbon  disulphide  in  the  Wiley 
apparatus,  the  same  method  as  described  for  the  ether  extraction  being 
used.  After  the  extraction  with  carbon  disulphide  has  been  made,  the 
eracibles  should  be  sucked  dry  and  the  carbon  disulphide  allowed  to 
evaporate  in  a  warm  place  before  the  crucibles  are  placed  in  the  oven, 
as  the  vapors  of  carbon  disulphide  are  very  inflammable  and  may 
ignite  in  the  oven.  The  crucibles  with  their  dried  residue  are  weighed 
and  the  loss  of  weight  considered  as  sulphur. 

The  extraction  with  water  is  next  made  as  before  described. 

NITBOCELLULOSE. 

Nitrocellulose  is  now  removed  by  means  of  a  suitable  solvent. 
The  pyroxylin  cotton  usually  employed  as  a  gelatinizing  agent  is 
soluble  in  a  mixture  of  two  parts  ether  and  one  part  alcohol,  but  as 
all  grades  of  nitrocellulose  are  more  readily  soluble  in  acetone  than  in 
ether  alcohol  it  is  customary  to  use  acetone  as  the  solvent. 

The  extraction  with  acetone  is  made  by  separating  the  dry  residue 
from  the  crucible,  leaving  the  mat  intact  if  possible,  placing  the 
residue  in  a  small  beaker  and  covering  it  with  acetone.  The  mixture 
is  allowed  to  stand  for  three  to  four  hours,  with  frequent  stirring  to 
dissolve  completely  the  nitrocellulose,  and  is  then  filtered  through  the 
original  crucible,  washed  with  acetone,  dried  in  the  usual  manner,  and 
weighed.  The  loss  of  weight  represents  nitrocellulose  plus  a  small 
amount  of  extract  from  the  wood  pulp.  The  wood  pulp  extract  is 
usually  so  small  that  it  may  be  disregarded,  but  a  check  on  the  nitro- 
cellulose determination  may  be  made  by  evaporating  the  acetone 
solution  to  a  small  volume  (about  20  c.  c),  and  diluting  gradually 
with  a  large  volume  of  hot  water  (about  100  c.  c),  which  drives  off 
the  volatile  solvent,  precipitating  the  nitrocellulose  as  a  white  floc- 
culent  mass.  The  precipitate  is  then  filtered  oflf,  dried,  and  weighed 
•a  nitrocellulose. 
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The  remainder  of  the  analysis  is  conducted  as  is  that  described 
for  straight  dynamite. 

Some  of  the  older  types  of  gelatin  dynamites  contained  small 
amounts  (1  to  2  per  cent)  of  paraffin,  but  this  is  an  unusual  ingredient 
and  is  more  frequently  found  in  ammonia  dynamite.     (See  p.  57.) 

Ammonia  gelatin  dynamite  is  a  type  that  has  of  recent  years 
assumed  commercial  importance.  It  differs  from  ordinary  gelatin 
dynamite  in  the  fact  that  it  contains  ammonium  nitrate  in  addition 
to  the  usual  constituents  of  the  former.  As  in  the  ammonia  dyna- 
mites, discussed  later,  so  here  the  ammonium  nitrate  is  usually  pr^ 
viously  coated  with  vaseline,  paraffin,  or  other  waterproofing  mate- 
rial, and  is  neutralized  with  zinc  oxide. 

In  the  analysis  of  gelatin  dynamite  it  should  be  remembered  that 
trade  custom  has  led  to  an  erroneous  system  of  designating  the 
strength  of  explosives  of  this  class.  Thus  a  gelatin  dynamite  con- 
taining about  30  to  33  per  cent  of  nitroglycerin  and  about  1  per  cent  of 
nitrocotton  is  called  a ' '  40  per  cent ' '  strength  gelatin  dynamite.  This 
unfortunate  practice  imdoubtedly  had  its  ori^  in  the  fact  that,  as 
gelatin  dynamite  is  much  denser  than  ordinary  dynamite,  and  a 
greater  quantity  can  therefore  be  placed  in  a  hole,  it  was  assumed  to 
be  stronger.  Comparative  tests  indicate  that,  weight  for  weight, 
a  so-called  ''40  per  cent' '  strength  gelatin  dynamite  containing  33  per 
cent  nitroglycerin  is  much  weaker  than  is  an  ordinary  ''straight" 
dynamite  containing  40  per  cent  nitroglycerin. 
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The  usual  type  of  ammonia  dynamite  is  practically  a  "straight 
dynamite  in  which  a  large  part  of  the  nitroglycerin  is  replaced  by 
ammonium  nitrate.  Sulphur  is  sometimes  a  constituent  of  this 
type  of  explosive,  and  frequently  the  wood  pulp  is  wholly  or  largely 
replaced  by  coarse  flour  or  middhngs.  The  anmionium  nitrate  is 
generally  protected  from  hygroscopic  influence  by  a  coating  of  vaseline 
or  paraffin  and  is  neutralized  with  zinc  oxide.  These  ingredients  are 
added  to  the  ammonium  nitrate  in  the  course  of  its  manufacture 
while  the  crystals  of  the  ammonium  nitrate  are  still  hot. 

In  the  analysis  of  such  explosives  the  determination  of  moisture 
and  extractions  with  ether,  water,  and  acid  are  carried  out  as  pre- 
viously described.  An  additional  extraction  with  carbon  disulphide 
is  usually  necessary  in  order  to  remove  all  of  the  sulphur;  this  is  done 
after  the  water-soluble  salts  have  been  extracted. 

One  portion  of  the  ether  extract  is  used  for  the  determination  of 
nitroglycerin  in  the  nitrometer  and  the  other  for  the  determination 
of  the  sulphur  and  vaseline  or  paraffin. 

The  method  for  the  analysis  of  the  ether  extract  as  described  on 
pages  41  and  42  is  the  scheme  of  separation  followed  when  both  sulphur 
and  vaseline,  or  paraflin,  are  present  with  the  nitroglycerin,  although 
several  other  methods  are  appUcable  and  give  reliable  results. 

The  nitroglycerin  may  be  destroyed  by  means  of  caustic  alkah, 
which  also  dissolves  any  resin  present;  the  solution  is  decanted 
from  the  residue  of  paraffin,  or  vaseline,  and  sulphur;  the  resin  is 
precipitated  with  hydrochloric  acid,  filtered,  dried,  and  weighed. 
The  residue  of  sulphur  and  parafiin  or  vaseline  is  treated  with  hot 
ammonium  sulphide  which  dissolves  the  sulphur;  this  solution  is 
cooled,  decanted,  and  the  vaseline  or  paraffin  adhering  to  the  beaker 
is  washed,  dried,  and  weighed.  The  weight  of  sulphur  is  found  by 
difference.^ 

The  water  extract  contains  both  ammonium  and  sodium  nitrates, 
together  with  water-soluble  organic  material  from  the  flour  or  other 
absorbent.  If  zinc  oxide  has  been  used  as  the  antacid,  all  of  this 
component  will  generaUy  be  found  in  the  water  extract,  since  the 
small  amounts  used  are  readily  soluble  in  ammonium  nitrate  solutions. 

•  Qodar,  X*«  Tiitte  thfktiqpB  #1  pratiqus  das  matttrw  ezploaiYesi  1907,  pp.  38S-880. 
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An  aliquot  part  of  the  water  extract  is  evaporated  in  a  platinum  dish 
on  a  steam  bath^  the  ammonium  nitrate  volatilized,  and  the  organic 
matter  burned  off  by  careful  heating  over  a  burner.  A  little  nitric 
acid  is  added  to  oxidize  to  nitrate  any  nitrite  resulting  from  reduction, 
as  described  on  page  44.  In  heating  this  residue  care  must  be  taken 
to  avoid  decomposition  of  the  zinc  nitrate^  or  else  the  heating  should 
be  strong  enough  to  convert  it  entirely  to  zinc  oxide.  Either  of  the 
following  methods  may  be  used: 

(1)  The  residue,  after  evaporation  of  the  nitric  acid  on  the  steam 
bath,  is  dried  at  about  110°  to  120°,  and  weighed  as  NaNO,  and 
Zn(NOs),.  This  residue  is  then  dissolved  in  water  and  the  zinc 
precipitated  with  sodium  carbonate,  filtered,  ignited,  and  weighed 
as  ZnO.  The  weight  of  NaNOj  and  Zn(NO,),  minus  (2.33  times  the 
weight  of  ZnO)  equals  NaNOj. 

(2)  The  residue  obtained  as  above  is  heated  gently  over  a  burner 
until  the  evolution  of  oxides  of  nitrogen  from  the  decomposition  of  the 
zinc  nitrate  has  ceased,  care  being  taken  that  the  temperature  is  not 
high  enough  to  cause  a  loss  of  sodium  nitrate.  The  residue  is  now 
weighed  as  NaNOj  plus  ZnO,  then  treated  with  water  to  dissolve  the 
NaNOj;  the  ZnO  is  filtered  on  a  Gooch  crucible,  ignited,  and  weighed 
as  ZnO,  the  NaNO,  being  found  by  difference  from  the  combined 
weight.  The  filtrate  containing  the  sodium  nitrate  should  be  tested 
with  ammonium  sulphide  to  assure  that  the  zinc  has  been  entirely 
converted  to  insoluble  zinc  oxide. 

Zinc  may  be  determined  in  a  separate  portion  of  the  water  extract 
by  adding  ammonia,  precipitating  with  hydrogen  sulphide,  and 
filtering  off  the  precipitated  zinc  sulphide.  The  precipitate  is 
washed  and,  without  drying,  dissolved  in  a  small  amount  of  nitric 
acid,  and  evaporated  to  dryness.  Any  free  sulphur  is  thus  oxidized. 
The  residue  is  treated  with  a  little  sulphuric  acid  and  again  evaporated 
to  diyness  over  a  burner  at  a  dull-red  heat  until  the  free  acid  has  been 
volatilized.  Little,  if  any,  decomposition  of  the  zinc  sulphate 
results  from  this  heating.  The  treatment  with  sulphuric  acid  and 
heating  should  be  repeated  until  a  constant  weight  of  ZnS04  is 
obtained.  This  method  is  convenient  and  has  been  found  to  check 
well  with  the  methods  described  above. 

Ammonium  nitrate  is  determined  directly  with  a  separate  portion 
of  the  water  extract  by  the  usual  method  of  distilling  from  a  solution 
made  strongly  alkaline  with  KOH,  collecting  the  distillate  in  a 
known  volume  of  standard  H,S04,  ^^^  titrating  the  excess  of  acid 
with  standard  alkali,  cochineal  being  used  as  an  indicator. 

In  regard  to  the  determination  of  ammonium  nitrate,  the  possible 
effects  of  several  influencing  factors  have  been  investigated.  Stillman 
and  Austin  state  that  ammonium  nitrate  is  slightly  soluble  in  ether," 

a  Kast,  H..  Anleitong  tm  chemiseben  und  physlkallachen  tJntanachungeii  der  Spreng-  and  ZOndrtolhL 
1909,  p.  980. 
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and  several  other  authors  have  noted  that  correction  should  be  made 
for  this  solubihty. 

Ten-gram  samples  of  pure  ammonium  nitrate  were  desiccated  to 
constant  weight  over  sulphuric  acid  and  were  extracted  with  U.  S.  P. 
(96  per  cent)  ether  for  one  hour  in  the  Wiley  apparatus.  On  drying 
to  constant  weight  in  vacuum  desiccators  a  maximum  loss  of  only 
0.10  per  cent  was  noted.  Additional  drying  of  the  same  samples 
at  70°  for  18  hours  caused  a  further  loss  of  0.07  to  0.15  per  cent. 
On  continuing  the  drying  at  90°  to  100°  further  losses  calculated  as 
percentages  of  the  original  sample  were  as  follows : 

Lo9»  in  weight  of  ammonium  nitrate  dried  at  90^  to  100* . 


Time  of 
drying. 

Total  Io«,  per  cent. 

Sample  1. 

Sample  2. 

Hauu. 
2 
5 
24 

120 
240 

0.03 
.03 
.07 
.33 
.62 

0.04 
.05 
.11 
.39 
.67 

The  above-mentioned  experiments  show  that  the  loss  of  pure 
ammonium  nitrate  by  the  ether  extraction  and  by  subsequent  drying 
for  several  hours  at  70°  or  100°  is  very  slight — not  over  0.25  per  cent. 

That  the  loss  on  drying  depends  on  the  surface  exposed  was  shown 
by  drying,  at  90®  to  100°,  5-gram  samples  spread  on  3-inch  watch 
glasses.    The  losses  were  as  follows: 

Loti  in  weight  of  ammonium  nitrate  dried  on  34nch  watch  glatsei  cU  90°  to  100°  C. 


Loss  of  weight,  per  cent. 

Time  of 
drying. 

Sample  1. 

Sample  2. 

Hours. 

5 

0.34 

0.33 

24 

.88 

.98 

48 

2.03 

1.57 

120 

6.11 

4.64 

168 

7.  OB 

6.84 

Tn  this  case  the  much  greater  surface  of  samples  exposed  caused  a 
niuch  more  rapid  volatilization. 

In  the  analysis  of  an  explosive  containing  zinc  oxide,  it  must  be 
remembered  that  in  addition  to  mere  volatilization  there  is  possible 
still  further  loss  from  the  decomposing  action  of  the  ZnO  on  the 
ammonium  nitrate.  This  is  shown  by  the  following  experiment: 
Two  10-gram  samples  of  ammonium  nitrate  were  ground  in  a  mortar, 
0.5  gram  zinc  oxide  being  well  mixed  with  one  sample.  The  two 
samples  were  then  placed  in  crucibles  and  heated  at  100^*  The 
losses  in  weight  are  given  in  the  table  following: 
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Lou  in  weight  0/  ammonium  nitrate  with  and  withotU  tine  oxide  on  heating  at  100^, 


Time. 

Lon  in  weight,  per  oeiit. 

Ammo- 
nium ni- 
trate. 

Ammo- 
nium ni- 
trate pliu 
6  per  cent 
ofcino 
oxide. 

Hows. 
2 
18 
48 

a02 
.11 
.16 

0.61 
1.07 
1.13 

The  effect  of  too  high  temperature  of  drying  is  shown  more  clearly 
in  the  following  experiments  with  an  ammonium  nitrate  explosive  of 
the  ''permissible"  class,  containing  nitroglycerin.  The  explosive 
contained  about  75  per  cent  of  NH4NO8  and  1.4  per  cent  of  ZnO. 
Six  10-gram  samples  were  extracted  with  ether  in  the  usual  mann^* 
to  remove  the  nitroglycerin.  Two  of  the  extracted  samples  were 
dried  over  night  at  100®  C,  two  over  night  at  70®  C,  and  two  for  24 
liours  in  vacuum  desiccators  to  constant  weight.  The  samples  were 
then  extracted  with  water,  dried  five  hours  at  100®  C,  and  the  loss 
in  weight  noted.  Ammonium  nitrate  was  determined  in  the  water 
solutions  by  the  distillation  method  previously  described.  The 
results  are  tabulated  below: 

Effect  of  different  meihodt  0/  drying  ammonivm  nitrate  exploeivee  after  ether  extraction, 

(Determinations  by  J.  H.  Hunter.] 


Loss  of  weight,  per  cent. 

NB  «NOt  in  water  lolu. 

Method  of  drying. 

Eth«r  extraction. 

Water  extractioiL 

tion,  per  cent. 

High. 

Low. 

• 

Mean. 

High. 

Low. 

Mean. 

High. 

Low. 

M-n. 

In  a  100*  oven 

13.48 
11.72 
11.68 

13.10 
11.64 
11.57 

13.20 
11.68 
11.63 

77.58 
79.29 
79.22 

77.23 
79.09 
79.11 

77.40 
79.19 
79.17 

*"75.*di* 
7S.S1 

7L7» 
74.78 
75. 20 

71.  T5 

In  a  70*  oven 

74.90 

In  a  Tacoom  desiccator 

7&25 

These  results  show  clearly  that  drying  at  100®  after  extraction 
with  ether  causes  a  considerable  loss  of  ammonium  nitrate,  most 
of  the  loss  being  due  to  decomposition  of  the  nitrate  by  the  zinc 
oxide. 

The  sum  of  the  amounts  of  sodium  nitrate,  ammonium  nitrate, 
and  zinc  oxide  found  in  the  water  solution  will  be  less  than  the  total 
water  extract,  since  the  latter,  as  before  noted,  includes  water- 
soluble  organic  material  from  the  wood  pulp,  flour,  or  other  carbona- 
ceous absorbents.  This  organic  material  is  added  to  the  amount 
of  starch,  etc.,  removed  by  hydrolysis  and  reported  as  ''starch,"  as 
has  been  noted  on  a  previous  page. 


XjOW-FREESSINO  dtnamitb. 


Nitroglycerin  congeals  or  freezes  at  a  temperature  of  about  8^  C. 
(46^  F.),  and  as  nitroglycerin  in  the  froasen  condition  is  much  less 
seDsitiye  to  the  action  of  a  detonator  than  when  in  the  liquid  condi- 
tion^  explosives  containing  frozen  nitroglycerin  usually  fail  to  explode 
when  attempts  are  made  to  use  them. 

As  the  outdoor  temperature  for  several  months  in  the  year  is  on 
the  average  below  the  temperature  at  which  nitroglycerin  explosives 
freeze,  many  efforts  have  been  made  to  prepare  low-freezing  explo- 
sives, which,  without  being  thawed,  may  be  used  at  temperatures 
lower^  than  that  at  which  ordinary  nitroglycerin  explosives  are 
frozen.  Some  types  of  nonfreezing  explosives  contain  ammonium 
nitrate  mixed  with  nitrostarch,  nitrotoluene,  or  similar  material,  but 
those  explosives  to  which  the  term  ''low-freezing''  19  usually  applied 
contain  nitroglycerin  mixed  with  the  liquid  nitrotoluenes,  with 
ciTBtalline  dinitrotoluene  or  trinitrotoluene,  with  the  nitrochlorhy- 
drins  or  other  materials,  it  having  been  shown,  for  example,  that 
20  per  cent  of  dinitrochlorhydrin  in  nitroglycerin  reduces  the  tem- 
perature at  which  the  mixture  will  freeze  to  about  — 12®  €.,•  and  by 
the  use  of  mixtures  of  nitroglycerin  and  dinitrotoluene  explosives 
are  prepared  which  may  be  used  at  temperatures  considerably  below 

Many  low-freezing  explosives  are  marked  with  the  designation 
''L.  F."  upon  their  wrappers;  but  even  in  the  absence  of  this  notice 
of  the  nature  of  the  explosive  a  low-freezing  dynamite  may  frequently 
be  dbtinguished  by  tiie  odor  of  nitrotoluene,  or  by  the  color  test 
for  nitrosubstitution  compounds  made  on  the  ether  extract  as 
described  under  ''Qualitative  examination,"  on  pages  17  and  18. 

DBTEBJONATIOK  OF  NITROSX7BSTITUTION  COMPOXTNDS. 

With  low-freezing  dynamites  the  methods  of  sampling  and  of 
determination  of  moisture  are  carried  out  in  the  manner  already 
outlined.  The  extraction  with  ether  is  also  made  in  the  usual 
manner,  and  one  of  the  samples  of  ether  extract  is  used,  as  outlined 
on  a  preceding  page,  for  the  determination  of  resins,  sulphur,  or 
other  ingredients.  The  other  sample  of  ether  extract  is  used  for 
the  determination  of  the  nitroglycerin  and  nitrosubstitution  products. 

•  Roew«r,  7.  ▲.,  Proc.  6th  Int.  Cong.  App.  Chem.,  toI.  1, 1906,  p.  541. 
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So  far  as  is  known  by  the  writers,  no  satisfactory  method  has  yet 
been  found  for  the  direct  determination  of  nitrosubstitution  com- 
pounds in  the  presence  of  nitroglycerin.  The  analysis  of  such  mix- 
tures is  generally  made  by  determining  the  nitroglycerin  by  means 
of  the  nitrometer  (p.  35),  and  finding  the  amount  of  nitrosubstitu- 
tion compound  by  difference.  The  nitrosubstitution  compounds 
are  not  decomposed  in  the  nitrometer  as  are  the  nitric  esters. 

It  is  interesting  to  note,  however,  that  if  mononitrotoluene  is 
present  the  amount  of  nitroglycerin  found  by  means  of  the  nitrom- 
eter does  not  represent  the  true  amount  of  this  ingredient  in  the 
mixture.  It  has  been  found  **  that  a  portion  of  the  nitric  acid 
liberated  from  the  nitroglycerin  by  the  action  of  the  sulphuric  acid 
used  in  the  determination  is  taken  up  by  the  mononitrotoluene  present, 
the  latter  becoming  quantitatively  nitrated  to  dinitrotoluene. 
Thus,  if  the  amount  of  nitroglycerin  in  the  ether  extract  is  not  in 
excess  of  the  theoretical  amount  required  to  yield  suflBcient  nitrogen 
to  convert  all  the  mononitrotoluene  to  dinitrotoluene,  no  evolution 
of  nitric  oxide  will  result.  In  other  words,  the  error  in  the  deter- 
mination of  nitroglycerin  is  equal  to  about  0.5530  gram  of  nitro- 
glycerin for  each  gram  of  mononitrotoluene  present.  Pure  crystalline 
dinitrotoluene  or  trinitrotoluene  was  found  to  have  no  eflFect  on  the 
determination,  and  the  same  was  found  to  be  true  of  the  so-called 
*  liquid  trinitrotoluene."  '^Liquid  dinitrotoluene,"  however,  causes 
an  error  amounting  to  0.0628  gram  of  nitroglycerin  for  each  gram 
of  the  nitrosubstitution  product.  This  error  was  shown  to  be  prob- 
ably due  to  the  presence  of  mononitrotoluene  in  the  liquid  dinitro- 
toluene. 

These  results  show  that  the  nitrometer  method  for  determination 
of  nitroglycerin  is  not  reliable  if  mononitrotoluene  is  present.  The 
latter  is,  however,  seldom  used  in  low-freezing  dynamites,  and  in  the 
case  of  the  more  commonly  used  liquid  dinitrotoluene,  the  resulting 
error  is  not  large.  For  example,  in  an  explosive  containing  25  per 
cent  of  nitroglycerin  and  10  per  cent  of  liquid  dinitrotoluene,  the 
error  in  the  determination  of  nitroglycerin  would  amount  to  0.628 
per  cent,  or  the  amount  of  nitroglycerin  found  would  be  24.37  per 
cent  instead  of  25  per  cent. 

Further  information  may  be  gained  by  determining  the  total 
nitrogen  of  both  the  nitroglycerin  and  the  nitrosubstitution  com- 
pound by  a  modification  of  the  Kjeldahl  method  and  deducting 
the  nitrogen  of  the  nitroglycerin,  the  difference  being  the  nitrogen 
of  the  nitrosubstitution  compound.  From  this  nitrogen  the  amount 
of  the  latter  can  be  calculated.     This  method  is  of  value  only  if  the 

a  Storm,  C.  O.,  The  effect  of  nitrotoluenes  on  the  (IcterminatioD  of  nitroglycerin  by  means  of  the  nitrons 
eter,  Proc.  8th  Int.  Cong.  App.  Chem.,  yoI.  4, 1912,  p.  117. 
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nitrosubstitution  compound  has  been  identified  by  the  preliminary 
examination. 

Another  method  for  the  determination  of  the  total  nitrogen  of 
such  mixtures,  as  well  as  the  ester  nitrogen,  is  that  of  B^rl  and 
Jurrissen,*  in  which  a  so-called  "decomposition  flask''  is  used. 
By  means  of  sulphuric  acid  and  a  small  amount  of  mercury  in  a 
vacuum  the  decomposition  of  nitroglycerin  or  other  nitric  ester  is 
effected  and  the  resulting  volume  of  nitrogen  oxide  (NO)  measured. 
A  second  ^sample  of  the  mixture  is  treated  in  the  same  manner  after 
a  preliminary  oxidation  with  chromic  acid  and  sulphuric  acid, 
whereby  the  total  nitrogen  is  converted  to  nitrogen  oxide  (NO). 
The  difference  between  the  two  volumes  of  nitrogen  oxide  (NO) 
equals  that  resulting  from  the  nitrosubstitution  compound. 

The  remainder  of  the  analysis — the  extractions  with  water,  acid, 
etc.— is  conducted  in  the  manner  previously  described  and  should 
present  no  further  difficulties. 

•  Bert,  E.,  and  Jurrisseii,  A.  W.,  ttber  gasvolometrische  Analyse  mlt  dem  "Zenetstuigskolben"  und 
die  SUekaloflbeatimiming  in  raucbaobwactifin  Pulvern.    Zeitachr.  aogew.  Cbem.,  voL  23, 1010,  p.  341. 
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When  ordinary  dynamite  is  used  in  blasting  any  material  of  a 
consistency  resembling  that  of  earth  or  clay,  little  of  the  eneigy  of 
the  explosive  does  useful  work,  because  the  soft  and  compressible 
nature  of  the  material  blasted  allows  the  greater  part  of  the  energy 
of  the  explosive  to  be  used  in  compacting  the  material  and  in  pro- 
ducing a  cavity.  Consequently,  gunpowder  has  beenHargely  used 
in  all  places  where  earth,  clay,  or  other  soft  material  was  to  be 
dislodged.  In  the  blasting  of  the  banks  of  railroad  cuts  there  are 
often  places  where  a  soft,  but  somewhat  consolidated  material,  inter- 
mediate between  earth  and  hard  rock,  has  to  be  blasted.  Such  a 
material  might  be  a  soft  shale,  for  example,  or  a  friable  and  easily 
crumbled  sandstone,  and  for  dislodging  it  neither  ordinary  blasting 
powder  nor  ordinary  dynamite  is  particularly  suitable.  In  the  year 
1876  E.  Judson  patented  an  explosive  consisting  of  a  low-grade  gun- 
powder made  by  heating  and  mixing  together  coal,  sulphur,  sodium 
nitrate,  etc.,  granulating  the  mixture,  and  then  coating  this  non- 
absorbent  granulated  dope  with  a  small  amount  of  nitroglycerin. 
The  proportion  of  nitroglycerin  used — often  as  Uttle  as  6  per  cent — 
was  such  that  had  it  been  absorbed  by  the  grains  of  explosive  it 
would  not  have  been  capable  of  detonation,  but  by  remaining  wholly 
or  largely  upon  the  surface  of  the  grains  the  use  of  a  detonator 
brought  about  its  explosion  and  the  simultaneous  ignition  of  the 
gunpowder  base  which  it  covered.  Such  an  explosive,  as  a  result 
of  the  detonation  of  the  nitroglycerin,  produces  an  initial  blow 
sufficient  to  crack  and  fissure  the  partly  consolidated  material  in 
which  it  is  placed.  The  action  of  the  gunpowder  mixture  that 
forms  the  larger  part  of  the  explosive  so  heaves  and  moves  the 
broken-up  mass  as  to  make  easy  its  removal  with  steam  shovels. 

Granulated  nitroglycerin  powders,  or  "free-running"  explosives, 
have  been  very  much  used  in  the  excavation  of  earth  and  are  com- 
monly known  as  Judson  powder  (after  the  inventor),  bank  powder, 
or  railroad  powder.  In  the  analysis  of  low-grade  granular  powder, 
moisture  is  determined  by  the  standard  method,  and  the  usual 
method  of  extracting  with  ether  is  followed.  In  the  ether  extract 
are  usually  found  large  proportions  of  sulphur,  rosin,  etc.,  besides 
the  nitroglyc«in.  The  proportion  of  sulphur  commonly  used  in 
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low^ade  granular  powder  is  so  considerable  that  usually  it  is  not 
al]  removed  by  extraction  with  ether. 

The  determination  of  nitrates  in  the  residue  after  ether  extraction 
is  made  in  the  manner  already  outlined  for  ordinary  dynamite;  an 
additioaal  extraction  with  carbon  disulphide  is  necessary  to  remove 
the  sulphur  not  extracted  by  means  of  ether. 

As  antacids  are  seldom  added  to  low-grade  granular  explosives, 
the  extraction  with  dilute  acid  may  generally  be  omitted;  but  if  the 
qualitative  examination  has  indicated  the  presence  of  an  antacid,  its 
determination  is  made  as  already  described. 

The  residue  remaining  after  the  extractions  with  ether,  water,  and 
carbon  disulphide  is  usually  bituminous  coal,  although  charcoal  or 
other  carbonaceous  material  may  be  found.  An  examination  under 
the  microscope  or  with  a  hand  magnifier  will  usually  show  with 
sufficient  certainty  the  nature  of  the  insoluble  residue,  and  the 
presence  of  bituminous  coal  may  generally  be  confirmed  by  a  vola- 
tile-matter determination  made  by  heating  the  solid  residue  in  a 
small  crucible  over  a  Bunsen  flame. 

The  separation  and  determination  of  the  ingredients  of  the  ether 
and  water  extracts  is  carried  out  by  the  methods  previously  described. 
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The  general  term  "black  powder"  is  applied  to  several  explosives 
of  nearly  similar  composition,  including  chiefly  black  blasting  powder, 
black  gunpowder,  and  black  fuse  powder.  As  their  chemical  exami- 
nation involves  identical  problems,  they  are  here  treated  as  one 
general  class. 

Black  blasting  powder  usually  consists  of  a  mixture  of  sodium 
nitrate,  sulphur,  and  charcoal,  whereas  black  gunpowder  is  generally 
a  mixture  of  potassium  nitrate,  sulphur,  and  charcoal.  The  real 
difference  between  "gunpowder''  and  black  blasting  powder  is  one  • 
of  use,  since  some  blasting  powder  containing  potassium  nitrate  as 
the  oxidizing  material  has  been  made,  and,  similarly,  there  is  record 
of  gunpowder  having  been  made  from  sodium  nitrate.  Although 
black  blasting  powder  is  usually  made  in  larger  grains  than  gun- 
powder, yet  for  certain  purposes,  particularly  for  lai^e  cannon, 
grains  of  gunpowder  have  been  made  even  larger  in  size  than  the  cus- 
tomary kinds  of  blasting  powder,  and  again  finely  granulated  blasting 
powder  has  been  made  for  use  where  a  quick-acting  explosive,  yet 
one  not  so  rapid  as  dynamite,  was  desired. 

The  black-powder  composition  used  in  the  ordinary  miner's  safety 
fuse  and  known  as  "fuse  powder"  is  much  similar  to  the  ordinary 
grade  of  gunpowder,  but  is  of  very  fine  granulation  (usually  40  to  100 
mesh),  and  contains  potassium  nitrate  as  its  oxidizing  agent. 

PHYSICAL  EXAMINATION. 
GRANULATION  OB  AVERAGE  SIZE  OF  GRAINS. 

The  determination  of  the  granulation  of  black  powder  is  made  by  a 
series  of  standard  sieves,  but  this  examination  is  not  usually  required 
in  connection  with  chemical  analysis,  and  can  be  made  only  where  a 
lai^e  sample  of  the  powder  is  available.  The  standard  sizes  of  grains 
of  black  blasting  powder,  together  with  a  statement  of  the  size  of 
screen  through  which  the  material  will  pass,  is  given  in  the  following 
tabulation :  • 

a  Monro*,  C.  B.,  and  Hall,  Clarence,  A  primer  on  ezploslyes  for  coal  miners.    Bureau  of  Mines,  BulL  17, 
1911,  p.  17. 

66 


BLACK  POWDEB. 


Bdalion  between  eizee  of  black  blasting  powder  and  ieparating  iieve. 
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«  Or  28-mesh  bolting  cloth. 


OBAYIMETRIC  DENSITY. 


By  "gravimetric  density"  is  meant  the  ''apparent  specific  gravity" 
of  the  explosive,  or  the  ratio  that  the  weight  of  the  powder  con- 
tained in  a  given  volume  bears  to  the  weight  of  water  that  would 
exactly  fill  the  same  volume.  Gravimetric  density  or  apparent 
specific  gravity  is  therefore  not  only  a  factor  of  the  true  density  of 
the  powder;  but  is  also  infiuenced  by  the  size  and  the  shape  of  the 
grains;  since  obviously  the  space  occupied  by  voids,  or  the  space 
between  grains,  must  vary  with  the  shape  and  size  of  the  grains. 

The  standard  determination  of  gravimetric  density  is  made  by 
pouring  the  powder  into  a  vessel,  usually  in  the  shape  of  the  frus- 
trum  of  a  cone,  striking  off  with  a  straightedge  all  over  that  required 
to  fill  the  measure,  and  then  weighing  the  powder  held  by  the  re- 
ceiver. Plate  II,  B,  shows  a  commercial  type  of  gravimetric  balance 
for  this  purpose.  With  this  balance  direct  readings  of  the  gravimetric 
density  of  a  powder  are  possible  without  calculation.  When  so  few 
determinations  must  be  made  as  to  make  the  use  of  a  separate  in- 
strument seem  unnecessary,  the  determination  of  the  weight  of 
powder  contained  in  a  cylindrical  graduate  of  known  volume,  or  a 
standard  pint  or  quart  measure,  may  be  made.  In  all  cases  the 
gravimetric  density  is  the  ratio  expressed  by  dividing  the  weight 
of  powder  required  to  fill  the  measure  even  full  by  the  weight  of  water 
from  the  same  measure  even  full. 

The  gravimetric  density  of  black  powders  varies  over  a  consid- 
erable range,  from  about  1  to  1.3. 


ABSOLUTE  DENsrrr. 


By  "absolute  density"  is  meant  the  true  specific  gravity  of  the 
powder,  the  air  space  between  grains  being  disregarded  and  only  the 
density  of  the  grains  being  considered.  Owing  to  the  fact  that  both 
sodium  and  potassium  nitrates  are  readily  soluble  in  water,  it  is  not 
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possible  to  make  this  determination  with  black  powder  by  the  picnom- 
eter  method  with  water,  so  that  a  number  of  instruments  involving 
the  use  of  mercury  have  been  designed  by  different  investigators. 

The  form  of  instrument  used  by  the  Bureau  of  Mines  is  illustrated 
in  figure  5,  and  was  devised  by  one  of  the  authors."     The  apparatus 
consists  of  a  reservoir  and  means  for  introducing  within  this  reser- 
voir a  picnometer  bottle  con- 
taining   the    powder  whose 
density  is  to  be  detennined. 
By  opening  the  water-supply 
valve  the  mercury  is  raised 
within  the  reservoir,  and  on 
closing  it  and  opening  the 
,  waste-pipe  valve  the  water 
pressure  is  removed  from  the 
mercury  in  the  lower  reser- 
voir.   A  Torricellian  vacuum 
is  thus  created  in  the  dome 
'  *  above  the  bottle;   most    of 

the  air  in  the  bottle  escapes 
and  is  replaced  with  mer- 
cury. The  operation  is  ref- 
peated  until  the  air  in  the 
bottle  is  completely  replaced. 
With  this  instrument  the  de- 
termination of  the  absolute 
density  of  black  powder  may 
be  quickly  and  accurately 
made. 

SAJfPUNa. 

About  50  to  100  grams  of 
the  original  sample  is  crushed 
rions  s.— Dturiiurtw.  jjj  smidl  portions  in  a  porce- 

lain mortar  and  passed  through  an  SO-mesh  sieve.  All  precautions 
are  taken  to  avoid  unnecessary  exposure  of  the  sample  to  the  air 
during  this  treatment.  If  each  portion  is  placed  in  a  stoppered 
bottle  as  soon  as  sifted,  there  is  no  appreciable  change  in  hygrosco]>ic 
moisture  content.  The  powdered  sample  is  well  mixed  before  its 
analysis  is  begun. 

tier.    rroc.  Sthliil.Coiig.  App,  Cb«iii.,val.t,1913,p.  lOS.     (Chcin. 
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CHEMICAL  EXAMINATION. 

The  chemical  examination  of  black  powder  consists  essentially  of 
the  determination  of  the  amounts  of  moisture,  nitrate,  sulphur,  and 
charcoal  present.  The  nitrate  is  readily  separated  from  the  sulphur 
and  charcoal  by  the  solvent  action  of  water,  and  after  the  residue  from 
water  extraction  has  been  carefully  dried  the  sulphur  may  be  readily 
separated  from  the  charcoal  by  the  action  of  carbon  bisulphide,  or 
other  solvent. 

The  charcoal  is  always  determined  by  difference.  After  being 
dried  the  charcoal  is  usually  ignited  and  its  content  of  ash  determined. 

DETERMINATION    OF   MOISTURE. 

The  determination  of  moisture  is  carried  out  exactly  as  has  been 
described  in  the  analysis  of  dynamite  (p.  20),  a  2-gram  sample  being 
spread  on  a  3-inch  watch  glass  and  desiccated  for  three  dajrs  over 
sulphuric  acid.  It  is  customary  in  some  explosives  laboratories  to 
determine  moisture  on  a  sample  that  is  crushed  only  suflBciently  to  pass 
through  a  10  to  12  mesh  sieve,  because  in  further  pulverization  the 
moisture  content  of  the  powder  may  be  influenced  by  atmospheric 
conditions.  Comparative  determinations  have  indicated,  however, 
that  unless  there  is  undue  exposure  in  prei)aring  the  sample  the  differ- 
ence in  moisture  content  between  the  coarse  and  the  finely  powdered 
sample  is  slight,  and  since  the  nature  of  black  powder  is  such  that 
a  finely  powdered  sample  must  be  used  for  chemical  analysis  it  is 
considered  much  more  convenient  to  use  the  same  for  the  moisture 
determination. 

Many  authorities  recommend  that  moisture  in  black  powder  be 
determined  by  drying  in  an  oven  at  temperatures  of  60®  to  100®  C.« 
As  sulphur  is  more  or  less  volatile  at  temperatures  even  slightly  above 
ordmary,  the  authors  thought  it  advisable  to  compare  the  relative 
merits  of  oven  drying  with  the  desiccation  method.  A  series  of  deter- 
minations was  therefore  made  on  large,  well-mixed  samples  of  finely 
ground  powder  (80-mesh),  2  grams  spread  uniformly  in  a  thin  layer 
on  a  3-inch  watch  glass  being  used  for  each  determination.  The 
samples  heated  in  ovens  were  allowed  to  cool  for  15  minutes  in  desic- 
cators before  weighing.  It  was  found  necessary  to  make  the  weigh- 
ings as  rapidly  as  possible  in  order  to  prevent  increase  of  weight.  The 
following  results  were  obtained. 


•  Luoge,  0.,  and  B«rl,  E.,  Chemi8ch4echiii9Che  UutersuchuD^methoden,  vol.  Z,  1910^  p.  118;  GutU 
nu3fl,  0.,  Schiflss-  und  Sprengmittel,  1900,  p.  4d. 


AKAL-TSIS  OF  BLACK  POWDEB  AND  DYHTAMITB. 

RaulU  of  deUrmituaioru  o/moutun  m  bla<i  powda. 

SAMPLE  A. 
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analysis  (calculated  moisture  free)  of  sample  B  was  originally 
iws:  Sodium  nitrate,  74.07;  sulphur,  10.09;  charcoal  15.84.  The 
I  dried  24  hours  at  100°,  with  a  loss  of  3.70  per  cent,  was  ana- 
ffith  the  following  result:  Sodium  nitrate,  77.0;  sulphur,  6.53, 
al  16.47.  It  is  therefore  evident  that  there  is  a  loss  of  sulphur 
lack  powder  at  100°,  and  that  this  loss  is  appreciable  in  even  a 
urs'  heating,  whereas  at  70°  the  loss  for  periods  of  heating  up  to 
urs  is  approximately  the  same  as  the  moisture  determined  by 
itioD. 

ccation  gives  practically  constast  weight  in  24  hours,  but  as  the 
moisture  takes  place  more  slowly  in  coarser  samples,  a  uniform 
of  three  days  has  been  adopted. 

hur  alone  is  slightly  afTected  by  temperatures  up  to  100°  C. 
pleof  approximately  5  grams  of  powdered  brimstone  (SO-mesh) 
aiccated  for  two  days  over  sulphuric  acid  without  loss  of  weight, 
then  dried  five  hours  at  70°  C,  losing  only  0.003  per  cent; 
■  drying  for  five  hours  at  97°  caused  a  loss  of  only  0.01  per  cent. 

XTBACrioN  wrre  water;  determination  of  nitrates. 

16  determination  of  nitrates  by  extraction  with  water,  about  10 
of  the  finely  ground  sample  is  weighed  in  a  Gooch  crucible  with 
>8  mat  and  about  200  c.  c.  of  water,  in  successive  portions  of 
0  c.  c.  each,  is  drawn  through  the  sample  by  means  of  suction, 
mplete  solution  of  the  nitrate  is  hastened  by  the  use  of  warm  or 
ter,  although  200  c.  c.  of  cold  water  is  usually  sufficient.  The 
[►rtions  of  water  passing  through  the  crucible  should  be  tested 
uble  nitrate  by  evaporation  on  a  glass  plate,  or  an  excess  of- 
sulphuric  acid  containing  a  few  crystals  of  diphenylamine  may 
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be  added  to  a  few  drops  of  the  water,  and  an  intense  blue  coloration 
^ill  indicate  the  presence  of  nitrate. 

The  extraction  is  made  on  duplicate  samples  as  with  dynamite. 
After  the  complete  removal  of  the  nitrate  the  crucibles  containing  the 
portion  insoluble  in  water  are  placed  in  a  drying  oven  at  a  temperature 
of  about  70^  and  dried  to  constant  weight,  usually  overnight,  although 
five  hours  is  generally  sufficient.  The  percentage  of  loss  of  weight, 
minus  the  moisture  content  found  as  described  above,  represents  the 
total  water-soluble  material,  and  includes,  in  addition  to  sodium  or 
potassium  nitrate,  a  small  amount  of  water-soluble  organic  material 
from  the  charcoal  and  the  impurities  in  the  original  nitrate,  such  as 
chlorides  and  sulphate.  An  aliquot  portion  of  the  water  extract  is 
evaporated  to  diyness  on  a  steam  bath,  treated  with  a  little  nitric 
add,  again  evaporated,  heated  to  slight  fusion,  and  weighed.  (See 
p.  44.)  For  accurate  analysis  the  amounts  of  chlorides  and  sul- 
phates may  be  determined  in  separate  portions  of  the  water  extract 
and  the  true  nitrate  content  determined  by  difference,  or  a  direct 
determination  of  nitrate  may  be  made  with  the  nitrometer  on  a 
portion  of  the  extract,  as  previously  described. 

The  water  solution  should,  of  course  be  tested  to  determine  whether 
sodium  or  potassium  nitrate  is  present.  This  determination  is  con- 
veniently made  by  heating  to  redness  a  clean  platinum  wire  dipped 
in  the  solution,  and  observing  the  color  of  the  flame  through  several 
thicknesses  of  cobalt  glass.  Potassium  is  indicated  by  its  character- 
istic red  color,  and  the  yellow  of  the  sodium  flame  is  entirely  cut  off 
by  the  blue  glass.  Without  the  cobalt  glass  a  sodium  nitrate  powder 
should  give  an  intense  yellow  flame  and  a  potassium  nitrate  powder  a 
pale  pink  or  lavender  flame.  If  both  sodium  and  potassium  nitrates 
are  indicated,  a  determination  of  potassium  is  best  made  by  the 
sodium-cobalti-nitrate  method  of  Drushel,"  or  the  proportions  of 
sodium  and  potassium  nitrates  may  be  calculated  with  an  approxi- 
mate degree  of  accuracy  from  the  total  weight  of  nitrates  found  by 
evaporation  and  the  percentage  of  nitrogen  in  the  combined  weight 
of  these  nitrates  as  determined  by  the  nitrometer. 

The  following  illustrates  the  method  of  calculation  employed: 

Let  a  =»  weight  of  both  nitrates.    ' 
x= weight  of  sodium  nitrate. 
Then  a— at = weight  of  potassium  nitrate. 

Let  b  =  percentage  of  nitrogen  found  in  combined  nitrates. 
16.47  =  percentage  of  nitrogen  in  sodium  nitrate. 
13.87  =  percentage  of  nitrogen  in  potassium  nitrate. 

Then  0.1647X  + 0.1387  (a-x)  =  ^~- 


•  BffWMT,  L.  T.,  The  detennlnatioo  of  potassium  by  th«  oobaJti-nitrato  method.    Jour.  Ind.  and  Ens. 
Qmd.,  yoL  1, 1909,  p  791. 
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Solving  for  x  gives  the  weight  of  sodium  nitrate  present  in  the  mix- 
ture, and  subtracting  this  from  the  total  weight  of  the  mixture  gives 
the  potassium  nitrate. 

EXTRACTION  WITH  CARBON  DISULPHIDE;  DETERMINATION  OF  SULPHUR. 

The  dried  and  weighed  material  left  from  the  extraction  with  water 
consists  of  the  sulphur  and  charcoal.  The  sulphur  is  determined  by 
loss  of  weight  on  extraction  with  carbon  disulphide  in  the  Wiley 
extraction  apparatus,  the  method  being  exactly  the  same  as  that 
used  in  the  extraction  with  ether. 

Because  of  the  fact  that  it  is  diflScult  to  obtain  carbon  disulphide 
that  does  not  leave  a  residue  of  sulphur  on  evaporation,  it  is  not 
customary  to  evaporate  the  carbon-disulphide  extract  to  dryness  and 
weigh  the  sulphur  dissolved  from  the  powder.  This  may  be  done, 
however,  if  freshly  distilled  pure  carbon  disulphide  is  used. 

INSOLUBLE    RESIDUE,  CHARCOAL. 

The  residue  remaining  in  the  crucibles  is  weighed  directly  as  char- 
coal after  drying  to  constant  weight  at  about  100®. 

In  drying  the  crucibles  after  the  carbon  disulphide  extraction 
extreme  care  should  be  used  to  avoid  setting  fire  to  the  inflammable 
vapor  of  the  carbon  disulphide,  as  it  sometimes  happens  that  the 
heavy  vapor  from  the  crucibles  passes  down  to  the  flame  by  which 
the  water  oven  is  heated.  Carbon  disulphide  has  the  lowest  ignition 
temperature  of  any  material  not  containing  phosphorus,  therefore  in 
extracting  with  carbon  disulphide,  or  in  handling  the  crucibles  after 
extraction,  considerable  care  should  be  taken  to  avoid  proximity  to 
lights  or  fire. 

DETERMINATION    OF   ASH. 

The  ash  in  the  charcoal  is  determined  by  ignition  over  a  Bunsen 
burner  until  all  of  the  carbon  has  been  burned  off,  and  weighing.  The 
ash  is  usually  found  to  be  about  0.5  to  1  pfer  cent  of  the  total  powder. 
In  case  of  an  abnormally  high  ash  value  it  is  possible  that  the  extrac- 
tion with  water  was  incomplete,  leaving  some  nitrate  undissolved. 

The  sulphur  used  in  black  powder  is  almost  invariably  brimstone, 
flowers  of  sulphur  not  being  suitable  for  this  purpose  because  of  the 
invariable  presence  of  acidity. 

In  those  cases  where  flowers  of  sulphur  are  used,  however,  it  should 
be  noted  that  the  extraction  of  the  sulphur  with  carbon  disulphide 
will  be  incomplete.  Watts,®  Gody,^  and  other  authorities  have  called 
attention  to  the  fact  that  flowers  of  sulphur  always  contain  a  con- 

a  Wattss  Dictionary  of  Cherawtry,  1905,  vol.  4,  pp.  606-610. 

»  Gody,  L.,  Traite  lh<S3rique  et  pratique  des  inati6rei  explosives,  1907,  p.  99. 
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siderable  amount  of  insoluble  amorphous  sulphur,  often  amounting 
to  as  much  as  35  per  cent. 

Experiments  made  in  the  bureau's  explosives  laboratory  with 
s&mples  of  brimstone  and  flowers  of  sulphur  gave  results  as  follows: 

Relative  solubility  of  flowers  of  sulphur  qnd  brimstone  in  carbon  disulphide. 
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•  Extracted  two  hours  in  Wiley  extraction  apparatus  with  carbon  disulphide. 

In  view  of  the  fact  that  when  flowers  of  sulphur  are  present  the 
extraction  with  carbon  disulphide  is  incomplete,  some  authors  have 
recommended  the  use  of  hot  aniline  as  a  solvent  for  the  sulphur. 

The  solubility  of  sulphur  in  various  solvents  is  shown  in  the  follow- 
ing table :  * 

Solubility  of  sulphur  in  100  parts  (by  weight)  of  various  solvents. 
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a  Boiling. 

Of  these  solvents  carbon  disulphide  and  aniline  are  the  ones  that 
would  appear  to  be  of  greatest  practical  value  in  analysis.  Carbon 
tetrachloride,  chloroform,  and  benzene  have  also  been  used  with  success 
as  solvents  for  sulphur,  but  their  use  requires  long-continued  extraction. 

Experiments  have  been  made  in  the  explosives  laboratory  of  the 
bureau  to  determine  the  suitability  of  aniline  as  a  solvent  for  sulphur 
b  the  analysis  of  black  powder. 

Extractions  of  both  flowers  of  sulphur  and  brimstone  with  aniline 
heated  to  130°  to  140°  showed  only  about  0.05  of  1  per  cent  insoluble 
material  in  each. 


*  <>odr ,  L. ,  Traits  th^rique  et  pratique  des  matlftres explosives,  1907 ,  p.  85.    Bledermann,  R.,  Chemlker 
Kaleiider,  pt.  1, 1910,  p.  291. 


74 


ANALYSIS  OF  BLACK  POWDEB  AND  DYNAMITE. 


Several  samples  of  black  powder  were  analyzed,  the  sulphur  being 
determined  by  means  of  extraction  with  hot  aniline,  and  the  results 
were  compared  with  those  obtained  by  the  usual  method  of  extraction 
with  carbon  disulphide.  The  extraction  with  the  aniline  was  made 
by  adding  10-c.  c.  portions  of  aniline,  previously  heated  to  130°  to 
136®  C.  to  the  crucibles  containing  samples  that  had  been  extracted 
with  water  and  dried  in  the  usual  manner,  the  hot  aniline  being  drawn 
through  by  suction;  this  treatment  was  repeated  from  5  to  12  times, 
using  a  total  of  50  to  125  c.  c.  of  aniline  in  different  determinations. 
The  last  portions  of  aniline  were  removed  by  washing  with  a  small 
amount  of  alcohol,  and  the  residue  dried  at  100®  C.  The  loss  of  weight 
was  considered  as  the  amount  of  sulphur  present. 

Comparative  determinations  of  sulphur  in  black  potvder  by  extraction  with  carbon  disul- 
phide and  aniline. 


Sample 
No. 

Sulphur  extracted. 

With  car- 
bon disul- 
phide. 

With 
aniline 
(130*). 

1 
2 
3 

13.04 
9.99 
7.81 

13.79 
9.72 
7.74 

Each  of  tlie  above  figures  is  the  average  of  four  to  six  closely  agree- 
ing results.  This  comparison  shows  that  the  aniline  method  gives 
very  satisfactory  results.  Even  as  small  an  amount  as  50  c.  c.  of 
aniline  was  found  to  be  sufficient  for  complete  extraction  if  each  por- 
tion was  allowed  to  stand  a  short  time  before  sucking  dry.  The  aniline 
may  be  readily  recovered  by  distillation  and  used  repeatedly. 

A  series  of  experiments  were  made  to  determine  whether  any  differ- 
ence in  results  would  be  effected  by  extracting  the  sulphur  with  carbon 
disulphide  before  the  nitrate  was  extracted  with  water — that  is,  an 
inversion  of  the  order  of  the  extractions.  A  number  of  samples  of 
black  powder  were  analyzed  by  both  methods  with  the  results  noted 
in  the  following  tables.  For  comparison,  determinations  were  made 
of  the  sulphur  by  precipitation  as  barium  sulphate  after  oxidation 
with  nitric  acid  and  potassium  chlorate. 


BLA^E  POWDEB. 
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lUtulU  of  analyset  of  black  povfder. 

A,  B,  tnd  C  aoAlyied  by  C.  ▲.  Lambert;  Mmple  D  analyaed  by  C.  A.  Taylor.) 
MBTHOD  1  (WATER  EXTRACTION  FIRST). 


Sample. 

Moifltura. 

Water 

extract. 

Carbon 

dimilphide 

extract 

Ineoluble 
residue. 

Balphur 
det^fffTfiiMKl 

aaBaSOtf. 

A 

B 

C 
D 

Percent, 
t        a  10 
.16 
.21 
.21 
.36 
.36 
.36 
-47 
.47 
.47 

Percent. 
69.76 
69.73 
74.07 
74.27 
78.88 
78.98 
78.91 
73.84 
73.74 
73.79 

Percent. 

13.64 

13.55 

10.09 

9.89 

7.87 

7.68 

7.89 

10.02 

10.06 

10.04 

Percent. 
16.44 
16.56 
15.63 
15.63 
12.89 
12.98 
12.84 
15.67 
15.73 
15.70 

PereenL 
13.56 

10.05 
7.89 

METHOD  2  (CARBON  DISULPHIDE  EXTRACTION  FIRST). 


A 

/      ai6 

69.58 

13.74 

16.62 

\       13.66 

\           .16 

69.67 

13.80 

16.47 

B 

.21 

73.97 

10.39 

16.43 

1       10.06 

.21 

73.92 

10.44 

15.43 

C 

.36 

78.46 

8.47 

12.72 

\         7.89 

.36 

78.54 

8.49 

12.61 

.47 

73.91 

10.15 

15.47 

D 

.47 

I           .47 

73.74 
73.82 

10.25 
10.20 

15.54 
15.51 

•     •••«•••• 

It  win  be  noted  that  in  every  case  a  greater  loss  was  obtained  on 
extracting  with  carbon  disulphide  when  such  extraction  prec^eded  the 
extraction  with  water  than  when  it  followed  the  extraction  with 
water.  That  a  more  correct  value  for  the  amount  of  sulphur  present 
is  obtained  by  first  removing  the  water-soluble  portion  of  the  powder, 
is  shown  by  the  results  of  the  gravimetric  determuiation  of  sulphur 
as  barium  sulphate.  The  latter  results  agree  closely  with  the  loss  on 
extraction  with  carbon  disulphide  after  removal  of  the  nitrate. 

The  differen(}es  in  results  noted  above  are  not  readily  explained. 
That  both  sodium  and  potassium  nitrates  are  practically  insoluble  in 
carbon  disulphide  was  shown  by  extracting  a  number  of  dried  samples 
of  each  of  these  nitrates  with  this  solvent,  losses  of  only  0.01  to  0.05 
per  cent  beiog  obtained.  It  was  further  demonstrated  that  the  small 
amount  of  moisture  present  in  the  powder  samples  at  the  time  of  the 
extraction  with  carbon  disulphide  was  not  the  cause  of  the  high 
results  of  method  2.  This  was  shown  by  extracting  several  samples 
of  black  powder  with  carbon  disulphide  both  before  and  after  drying 
m  vacuum  desio^ators.  On  correcting  all  results  to  the  sample  in 
original  condition  it  was  found  that  the  loss  on  extraction  was  prac- 
ticaUy  the  same  in  both  cases.  The  results  are  shown  in  the  table 
following. 
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Effect  of  moisture  in  black  powder  on  extraction  with  carbon  disulphide  before  removal 

of  nitrate, 

[Determinations  by  C.  A.  Taylor.] 


Sample. 

Moisture. 

Loss  on  extraction  with 
carbon  disulphide. 

Original 
sample. 

Desiccated 
sample. 

Original 
sample. 

Desiccated 
sample. 

E 
F 
O 

Percent. 

0.30 

.22 

.32 

Per  cent. 

Percent. 

13.82 

10.02 

7.94 

Percent. 

13.93 

9.99 

7.92 

The  method  adopted  by  the  Bureau  of  Mines  for  the  analysis  of 
black  powder  is  as  follows : 

BUREAU  OF  MINES  METHOD  OF  ANAXYSIS. 

Moisture  is  determined  by  desiccatmg  a  2-gram  portion  of  the 
80-mesh  sample  spread  uniformly  on  a  3-inch  watch  glass  for  three 
days  in  a  sulphuric-acid  desiccator.  Nitrates  are  determined  by 
extraction  with  water,  sulphur  by  extraction  with  carbon  disulphide, 
and  charcoal  by  weighing  the  dried  insoluble  residue.  The  soluble 
impurities  (sulphates,  chlorides,  etc.)  are  determined  separately  and 
a  direct  determination  of  nitrate  made  by  means  of  the  nitrometer. 

In  the  analysis  of  black  powder,  as  in  the  analysis  of  all  other  ex- 
plosives, the  Bureau  of  Mines  follows  the  standard  methods  outlined  in 
this  bulletin  except  when  the  presence  of  unusual  constituents  renders 
necessary  additional  separations  or  determinations  or  introduces  new 
difficulties.  As  these  conditions  are  seldom  met  in  the  analysis  of  the 
more  simple  explosives,  such  as  dynamite  and  gelatin  dynamite,  but 
are  not  infrequently  found  in  connection  with  short-flame  explosives 
intended  for  use  in  coal  mining,  they  will  be  taken  up  in  a  sul^equent 
bulletin,  which  will  consider  the  analysis  of  permissible  explosives. 


PUBLICATIONS  ON  MINE  ACCIDENTS  AND  TESTS  OP 

EXPLOSIVES. 


The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Dire<jtor,  Bureau  of  Mines,  Washington,  D.  C. : 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.    1912.     34  pp.,  5  pis. 

BuLLBTiN  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall> 
W.O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pittsburgh, 
byG.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.     1911.     197  pp.,  7  pis. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
HaJl,  61  pp.,  10  pis.    Reprint  of  United  States  Geological  Survey  Bulletin  423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  with  chapters  by  J.  C.W. 
Fnzer,  Axel  Laraen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.  Reprint  of 
United  States  Geological  Survey  Bulletin  425. 

BuLLETiK  44.  First  national  mine-safety  demonstration,  Pittsburgh,  Pa.,  October 
30  and  31,  1911,  by  H.  M.  Wilson  and  A.  H.  Fay,  with  a  chapter  on  the  explosion  at 
the  experimental  mine,  by  G.  S.  Rice.    1912.    75  pp.,  7  pis. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H.  Clark. 
1912.    44  pp.,  6  pis. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  opera- 
tions, by  Clarence  Hall  and  S.  P.  Howell.     1919^    50  pp.,  3  pis. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  purpose 
and  equipment,  by  H.  H.  Clark.    1911.    12  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
presBure,  by  W.  O.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     19  pp. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
afttf  mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.    15  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  0.  Snel- 
]ij^  and  C.  G.  Storm.    1912.    14  pp.,  1  pi. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  Bur- 
rell and  F.  M.  Seibert.    1912.    16  pp. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.    1912.    20  pp. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    34  pp.,  1  pi. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by 
H.  H.  Clark.    1912.    14  pp. 

Technical  Paper  21.  The  prevention  of  mine  explosions;  report  and  recom- 
mendations, by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12  pp. 
Reprint  of  United  States  Geological  Survey  Bulletin  369. 

Technical  Paper  23.  Ignition  of  mine  gas  by  miniature  electric  lamps,  by  H.  H. 
Clark.    1912.    5  pp. 
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Technical  Paper  24.  Mine  fires;  a  preliminaiy  study,  by  G.  S.  Rice.  1912. 
61  pp. 

Technical  Paper  28.  Ignition  of  mine  gas  by  standard  incandescent  lamps,  by 
H.  H.  Clark.    1912.    6  pp. 

Technical  Paper  29.  Training  with  mine-rescue  breathing  apparatus,  by  J.  W. 
Paul.    1912.    16  pp. 

Miners'  Circular  3.  Coal-dust  explosions,  by  G.  S.  Rice.    1911.    22  pp. 

Miners'  Circular  4.  The  use  and  care  of  mine-rescue  breathing  apparatus,  by 
J.  W.  Paul.    1911.    24  pp. 

Miners'  Circular  5.  Electrical  accidents  in  mines;  their  causes  and  prevention, 
by  H.  H.  Clark,  W.  D.  Roberts,  L.  C.  Ilsley,  and  H.  F.  Randolph.    1911.    10  pp.,  3  pis. 

Miners'  Circular  6.  Permissible  explosives  tested  prior  to  January  1,  1912,  and 
precautions  to  be  taken  in  their  use,  by  Clarence  Hall.    1912.    20  pp. 

Miners'  Circxtlar  9.  Accidents  from  falls  of  roof  and  coal,  by  G.  S.  Rice.  1912. 
16  pp. 

Miners'  Circular  10.  Mine  fires  and  how  to  fight  them,  by  J.  W.  Paul.  1912. 
14  pp. 

Miners'  Circular  11.  Accidents  from  mine  cars  and  locomotives,  by  L.  M.Jones. 
1912.    16  pp. 
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^  MINE  GASES  BY  THE  FILAM: 
mCANDESCENT  LAMPS. 


By  H.  H.  Clask  and  L.  C.  Iislet. 


INTRODUCTION. 

As  part  of  its  investigations  of  the  causes  of  mine  accidents  and  of 
the  safest  and  most  efficient  methods  of  handling  electricity  under- 
gromid,  the  Bureau  of  Mines  undertook  a  study  of  the  ignition  of 
mine  gases  by  the  filaments  of  electric  incandescent  lamps.  This 
bulletin  describes  the  investigation  in  detail  and  gives  a  complete 
record  of  the  results  obtained. 

PTJBPOSE  OF  THS  INVESTIOATIOK. 

The  investigation  was  undertaken  for  the  purpose  of  determining 
the  degree  of  danger  that  attends  the  use  of  certain  specific  sizes  of 
incandescent  lamps  in  atanospheres  containing  inflammable  gas. 
Previous  investigators*  have,  to  a  greater  or  less  extent,  been  con- 
cerned with  certain  theoretical  features  of  the  problem,  such  as  the 
effect  of  the  temperature  and  the  dimensions  of  the  lamp  filaments 
and  the  question  whether  a  lamp  may  ignite  gas  by  the  heat  of  its 
glowing  filament  or  by  the  spark  that  is  drawn  when  the  filament  is 
broken.  Although  these  features  were  considered  in  the  present  inves- 
tigation and  are  briefly  discussed  in  this  bulletin,  the  principal  object 
of  the  tests  was  to  determine  what  sizes  of  incandescent  lamps  suit- 
able for  mine  use  would  ignite  explosive  mixtures  of  mine  gas  and  air, 
and  what  were  the  circumstances  most  effective  in  causing  such 
ignition. 

aSNBBAIi  STATEMENT  OP  BESULTS. 

The  results  of  the  investigation  may  be  generally  simunarized  as 
follows : 

The  naked  carbon  filaments  of  standard  lamps,  burning  at  rated 
voltage,  will  invariably  ignite  explosive  gaseous  mixtures. 

'Conriot,  H.,  professor  of  mining  methods,  and  Meunier,  J.,  professor  of  chemistry. 
Central  School  of  Arts  and  Mannfactares,  Paris,  France ;  Heise,  F.,  bergassessor,  Qelsen- 
kirchen,  Westphalia,  Germany ;  Thlem,  Dr.,  engineer,  Siemens-Halske  Co.,  Berlin,  Oer- 
nany;  Lemaire,  Bmanael,  professor,  University  of  Louvain,  and  engineer,  Frameries  ex- 
periment station,  Frameries,  Belgium ;  Hauser,  M.,  professor,  Madrid  School  of  Mines, 
Madrid,  Spain ;  Staaart,  A.,  professor,  Hainault  Mining  and  Polytechnic  School,  Hainault, 
Fiiace. 
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6  lONITIOK  OF  MINE  OASES. 

If  gas  can  reach  the  filaments  of  standard  lamps  without  breaking 
the  filaments  or  producing  partial  combustion  within  the  bulbs,  the 
explosive  gaseous  mixture  is  sure  to  be  ignited. 

Several  sizes  of  both  standard  and  miniature  lamps,  when  smashed 
while  burning  at  rated  voltage,  will  ignite  gas. 

Standard  lamps  that  do  not  usually  ignite  explosive  gaseous  mix- 
tures may  do  so  if  the  broken  pieces  of  the  filament  cause  a  short 
circuit  when  the  lamps  are  smashed. 

DBFINITIOirS  OF  TERMa 

For  convenience  in  reporting  the  results  of  the  investigation,  cer- 
tain terms  have  been  used  in  a  somewhat  specialized  sense.  The 
terms  so  used  are  defined  below. 

STANDARD — ^MINIATURE. 

The  lamps  tested  are  referred  to  in  this  bulletin  as  either  standard 
or  miniature.  Lamps  classified  as  standard  are  incandescent  lamps 
such  as  are  used  for  the  purposes  of  general  illumination.  These 
lamps  were  of  various  voltages,  from  60  to  225,  and  of  various 
candlepowers,  from  8  to  50.  Lamps  classified  as  miniature  are  such 
lamps  as  are  used  for  portable  service.  The  voltages  of  these  lamps 
were  1.5  to  6,  and  the  candlepowers  0.2  to  2.0. 

CLASS. 

The  term  class  is  used  to  include  all  lamps  of  approximately  equal 
voltage  and  candlepower,  regardless  of  the  brand  of  manufacture. 
Thus  an  8-candlepower,  50-volt  lamp  and  a  30-watt,  55-volt  lamp 
are  regarded  as  belonging  to  the  same  general  class. 

lONinON — ^EXPLOSION. 

The  term  ignition  is  used  to  denote  the  act  of  the  filaments  in 
causing  the  explosive  mixtures  to  take  fire.  The  term  explosion  is 
used  to  refer  to  the  result  of  an  ignition. 

SERIES — TESl*. 

The  term  series  is  used  to  refer  to  one  of  the  seven  principal  sub- 
divisions of  the  investigation  in  each  of  which  a  large  number  of 
similar  tests  was  made.  The  term  test  refers  to  a  single  trial  to 
ignite  an  explosive  mixture  with  any  particular  lamp. 

Lamp — bulb. 

The  term  lamp  is  used  to  refer  to  the  combination  of  bulb,  fila- 
ment, and  base.  The  term  bulb  is  used  to  refer  to  the  glass  envelope 
of  the  filament. 
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OAS. 


The  term  gas^  as  used  hereafter  in  this  bulletin,  refers  to  the  natural 
gas  used  in  the  tests,  or  to  a  mixture  of  this  gas  and  air. 

detahiS  op  the  investigation. 

injKBEB  AND  KINDS  OF  LAMPS  TESTED. 

Lamps  used  in  the  investigation  were  supplied  without  charge  to 
the  bureau  by  certain  companies,  as  follows : 

Lmnps  ffratuiioualy  suppHed  hy  manufacturers. 


Company. 


GcDonlEkelrioCo 

Do 

Do 

National  Eleeliio  Lamp  Aasociation 

Do 

WflrtindioDaa  Lamp  Co 

FadonTMiiiiatiifeLaiiipCo 


Nnmbcrof 
submitted. 


288 

86 
120 
288 

4S 
192 

52 


Siao. 


Standard.. 
Miniature. 

do 

Standard.. 
Miniature. 
Standard.. 
Miniature. 


Cbaracterof 
filament. 


Carbon. 

Do. 
Tungsten. 
Carbon. 
Tungsten. 
Carbon. 
Tungsten. 


In  addition,  the  bureau  purchased  in  the  open  market  standard 
lamps  of  five  different  brands. 

One  thousand  one  hundred  and  eighty-eight  carbon-filament  and  31 
tungsten-filament  standard  lamps,  also  42  carbon-filament  and  192 
tungsten-filament  miniature  lamps,  were  used  in  this  investigation, 
including  125  kinds  of  lamps  differing  in  candlepower,  voltage,  or 
brand.  The  tables  following  show  the  number  of  each  size  and  the 
rating  of  the  lamps  used.  Plate  I  shows  the  relative  size  of  the  stand- 
ard  lamps  used  and  Plate  II,  J.,  shows  the  relative  size  of  the 
miniature  lampsw 

Table  1. — Number  and  rating  of  standard  lamps  tested. 


Number  used. 


« 

90 

m 

10 

« 

64 

25 

125 

160 

93 

8 

ao 

116 

131 

140 

50 

11 

ao 

Total  namlMr  of  standard  lampe  need,  1,219 


Approzl- 
niAte 
candle- 
power. 


8 

8 
16 
16 
32 
50 

8 
16 
82 
82 
50 

8 
16 
82 
50 
20 
20 


Range  of 

rated 
wattage. 


28 

25-80 

55 

50-60 

100-120 

155-175 

26-30 

50-60 

100-120 

110 

165-175 

28-35 

56-60 

110-120 

175-19a 

26 

25 


Rated 
▼oltage. 


50 
55 

W) 
56 
66 

66 
110 
110 
110 
127 
110 
220 
220 
220 
220-225 
110 
220 


Character 
of  filament. 


Carbon. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Tungsten. 

Do. 


8 


IGNITION  OF  MIIJnB  OASBS. 


Table  2. — Numher  and  rating  of  miniature  latnps  tested. 


• 

ManafEusturer's  reting. 

Ctaaneter 
of  filament. 

Number  used. 

Volts, 

Ampflra. 

Candle- 
power. 

12 

1.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.5 
2.6 
8.5 
4.0 
4.0 
4.5 
5.5 
6.0 
2.5 
3.5 
5.5 

a4o 

.23 
.40 

a50 

TnngBten. 
Do. 

12 

9 

Do. 

0 

1.00 

Do. 

12 

.43 
.53 
.73 
.30 

Do. 

5 

Do. 

6 

Do. 

23 

1.00 
1.00 
1.50 
2.00 

Do. 

10 

Do. 

44 

.30 

Do. 

10 

Do. 

6 

.53 

Do. 

10 

2.00 
2.00 

Do. 

21 

.30 
.30 

Do. 

6 

Do. 

7 

Carbon. 

22 

Do, 

13 

Do 

Total  number  of  miniature  lamps  used,  234. 

TEST  CONDITIONS  AND  EQUIPMENT. 
CHARACTER  OF  GAS  USED. 

Natural  gas  from  the  Pittsburgh  city  mains  was  used  in  all  tests. 
The  composition  of  this  gas  is  approximately  82  per  cent  methane, 
16.4  per  cent  ethane,  1.5  per  cent  nitrogen,  and  a  trace  of  carbon 
dioxide.® 

The  lamps  under  test  were  surrounded  by  gas  that  was  at  rest.  No 
tests  were  made  in  a  current  of  gas,  because  gas  in  motion  is  not  so 
easily  ignited  as  gas  at  rest,  and  it  was  the  intention  to  make  the  test 
conditions  as  severe  as  possible. 

The  lamps  were  tested  in  a  gas-tight  receptacle  (PI.  Ill)  filled 
with  a  mixture  of  gas  and  air.  The  usual  proportion  was  8.6  per 
cent  gas  to  91.4  per  cent  air,  which  is  the  most  explosive  combination 
of  the  natural  gas  used  and  air.  The  percentage  of  gas,  however, 
was  increased  or  decreased  for  some  of  the  tests. 


METHODS  OF  ADMITTING   GAS  TO   BULBS. 

The  way  in  which  an  explosive  mixture  enters  the  bulb  of  an  in- 
candescent lamp  has  an  important  bearing  upon  whether  the  mixture 
will  be  ignited  by  the  lamp  filament.  Accidental  entrance  to  the 
bulbs  of  lamps  in  practical  use  occurs  when  the  bulbs  are  completely 
smashed  or  the  tips  are  broken  from  the  bulbs. 

The  smash  tests,  embraced  in  series  1,  1-A,  1-B,  1-C,  and  1-D, 
and  the  tests  of  series  2,  comprising  the  tip-breaking  tests,  were  made 
to  imitate  the  two  means  of  entrance  indicated.    The  tests  of  series  3, 

•  Burrell,  G.  A.,  Bull.  15,  Bureau  of  Mines,  1011,  p.  66. 
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embracing  the  puncture  tests,  were  made  to  determine  what  would 
happen  if  an  explosive  mixture  should  enter  a  bulb  in  such  a  manner 
as  not  to  impinge  directly  upon  the  filament.  The  tests  of  series  4, 
comprising  the  naked-filament  tests,  were  made  to  determine  the 
action  of  filaments  burning  to  extinction  in  explosive  mixtures. 
The  tests  of  series  1  included  five  different  sets  of  conditions.  The 
tests  of  the  other  series  were  made  under  only  one  set  of  conditions^ 
The  table  following  gives  the  conditions  under  which  each  test 
was  made: 

Table  3. — CondiUona  in  each  aeries  of  teats. 


No. 


1-A. 
I-B. 
1-C. 


1-D. 


2. 
3. 

4. 


Kind  of  lamps 
used. 


StaiuUid    and 

mlnlatuTe. 

Standard 

do 

Standard    and 

miniatnie. 
do 


Standard 

do 

Standard    a  n 
minlatore. 


Method  of  break- 
ing bulbs. 


Smashing. 


.do. 
.do. 
.do. 


.do. 


Breaking  tip. 
Puncture.. .. 
<•) 


Voltage 
impressed. 


Rated. 


.do. 
.do. 
.do. 


More    than 
rated. 

Rated 

do 

doft 


Gas  per- 
centage. 


8.6 

8.6 

8.6 

Various 

8.6 

8.6 
8.6 
8.6 


Character  of 
current. 


Direct 

Altamating 

Direct 

I    *    .   *  .QO*  •*    ...a... 

do 

do 

do 


Comiectioa 
of  lamps. 


Multiple. 

Do. 
Series. 
Multiple. 

Do. 

Do. 
Do. 
Do. 


•  In  each  of  the  series  4  testa  the  gtasB  bulb  was  removed  and  rated  Tottage  waa  impressed  upon  the  naked 
lUamait  after  it  had  bera  surrounded  with  gas. 

*  It  was  necessary  to  use  more  than  rated  Yoltage  in  order  to  obtain  ignitimna  firom  the  miniature  lampa 
in  the  tests  of  this  seciea. 

TESTING  EQUIPMENT. 

The  equipment  used  in  making  the  tests  consisted  of  the  following 
apparatus:  A  gas-tight  box  or  gallery  (Pis.  Ill  and  IV)  for  contain- 
ing the  gaseous  mixture  in  which  the  lamps  were  tested ;  a  gas  meter 
for  measuring  the  amount  of  gas  used  in  the  testing  mixture;  suit- 
able mountings  for  holding  the  lamps  in  proper  position  for  breaking 
(PLV). 

Direct  current  for  testing  the  standard  lamps  was  obtained  from  a 
motor-generator  set.  Alternating  current  at  60  cycles  was  taken  from 
a  transformer,  and  direct  current  for  the  miniature  lamps  was  sup- 
plied by  storage  or  primary  batteries. 

TESTING   GALLERY. 

The  testing  gallery  (Pis.  Ill  and  IV)  was  a  rectangular  boiler-iron 
box,  18  by  18  by  24  inches,  provided  with  a  glass  door,  two  observa- 
tion windows,  and  a  circular  opening  13  inches  in  diameter  at  the 
top  of  the  box  to  relieve  the  pressure  developed  by  an  explosion. 
This  opening  was  covered  by  a  sheet  of  paper  coated  with  paraffin 
and  held  in  place  by  a  heavy  iron  ring.  The  electrical  connections 
were  brought  into  the  gallery  through  gas-tight  bushings.  A  sliding 
rod  for  breaking  the  lamps  penetrated  the  side  of  the  gallery  through 
a  gas-tight  steel  bushing. 

eS198*i— BnlL  62—13 2 


10  lesrifiojT  OF  mutb  oa6E6. 

The  gallery  waa  equipped  with  a  small  circulating  fan  directly  con- 
nected to  a  ^-horsqpower  electric  motor  (PI.  III).    The  fnn  intake 

and  the  fan  discharge  were  connected  to  the  same  end  of  the  gallery. 
The  fan  could  be  entirely  isolated  &om  the  gallery  by  means  of  quick* 
closing  valves.  The  gas-intake  connection  was  made  directly  to  the 
gallery  near  the  fan  discharge,  and  at  the  same  point  a  supply  of 
compressed  air  was  also  connected  for  clearing  the  gallery  of  dead 
gases  after  each  test. 

GAS   MJSrrESL 

The  gas  meter  was  designed  to  measure  very  small  quantities  of 
gas  and  could  be  read  with  satisfactory  accuracy  to  0.001  of  a  cubic 
foot.  The  quantity  of  gas  that  was  necessary  to  admit  to  the  gallery 
in  order  to  obtain  a  desired  percentage  of  gas  in  the  testing  mixture 
was  determined  periodically  by  chemical  analysis.^ 

LAMP   HOIDERS. 

Two  different  holders  were  used  for  mounting  the  lamps  during 
test.  One  holder  (PL  V,  -4)  was  used  only  in  the  smash  tests  for 
holding  the  bulbs  rigidly  at  a  point  where  they  could  be  struck 
squarely  by  the  sliding  rod.  The  other  holder  (PL  Y.  B)  was  used 
in  both  the  tip-breaking  tests  and  the  puncture  tests.  In  the  tip- 
breaking  tests  the  latter  holder  supported  the  bulb  firmly  in  position 
while  a  spring-actuated  arm,  which  was  part  of  the  holder,  swept 
across  the  tip  of  the  bulb  and  broke  it  off  clean.  In  the  puncture 
tests  the  same  holder  (PL  V,  C)  kept  the  bulb  suspended  in  proper 
relation  to  two  pointed  rods  fitted  into  small  indentations  made  in 
the  bulb  by  a  blowpipe  flame.  One  of  the  rods  was  movable.  Upon 
closing  a  switch,  the  spring-actuated  arm  mentioned  above  swept 
around  and  struck  the  movable  rod  a  blow  sufficient  to  punch  a  small 
hole  in  the  bulb.  The  arm  was  operated  by  a  spring  held  in  tension 
by  a  hooked  catch  and  released  by  an  electromagnet  which  could  be 
operated  from  outside  the  gallery. 

GHABACTEB  OF  THE  TESTS  IN  THE  DIFFBBENT  8EBIE8. 

The  several  methods  of  testing  the  lamps  are  detailed  below. 

SMASH  TESTS. 

Tests  of  the  effects  of  breaking  the  bulbs  were  classified  under 
series  1,  l-A,  l-B,  1-C,  and  l-D  as  described  below : 

BEBtiBS  1,  LAMPS  ON  DntBCI  CtTSBXNT. 

For  the  smash  tests  in  which  the  lamps  were  on  direct  current, 
each  lamp  was  mounted  in  the  holder  (PL  V,  ^i)  and  placed  in  the 

•  These  analyses  were  made  by  O.  A.  Burrell,  chemist,  of  the  Bureau  of  Mines. 
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gallery.  The  current  consumption  of  the  lamp  at  rated  voltage  was 
measured  and  the  gallery  was  closed  and  filled  with  a  mixture  of  air 
and  8.6  per  cent  gas.  The  lamp  was  lighted  and  the  bulb  was 
smashed  by  striking  the  breaking  rod  with  a  hammer  (PL  IV). 
After  all  observations  had  been  recorded,  the  gallery  was  aired  out 
for  the  next  test.  Both  miniature  and  standard  lamps  were  tested  m 
this  manner. 

8ERDS8   1-A,  LAMPS  OIT   ALTVENATINO   CUBBENT. 

The  smash  tests  of  series  1-A  were  identical  with  those  of  series  1, 
except  that  alternating  current  was  used  instead  of  direct  current. 
The  purpose  of  the  series  was  to  determine  whether  the  character  of 
the  current  had  an  influence  upon  the  tendency  of  the  lamps  to  ignite 
gaseous  mixtures.    Only  standard  lamps  were  tested  in  this  manner. 

SERIES    l-B,   LAMPS   CONNECTED   IN   SEBlfeB. 

The  smash  tests  of  series  l-B  were  identical  with  those  of  series  1, 
except  that  the  lamp  under  test  was  in  series  with  one  or  more  similar 
lamps,  the  voltage  impressed  across  the  series  of  lamps  being  of  such 
a  value  as  to  give  the  rated  voltage  across  the  terminals  of  the  test 
lamp.  The  object  of  this  series  of  tests  was  to  determine  whether 
the  series  connection  of  lamps  increases  the  risk  attending  the  use  of 
such  lamps  in  mines.  Only  standard  lamps  were  tested  in  this 
manner. 

SERIES   l-O,  GAS  PEBOENTAGBS  YAEDED. 

The  tests  of  series  1-C  were  also  identical  with  those  of  series  1, 
except  that  the  percentages  of  gas  used  in  the  explosive  mixture  were 
increased  or  decreased.  The  purpose  of  the  tests  was  to  determine 
whether  the  lamps  would  ignite  all  mixtures  containing  percentages 
of  gas  that  were  between  the  explosive  limits  of  the  gas.  Both  minia- 
ture and  standard  lamps  were  tested  in  this  manner. 

SBBIES    l-D,   VOLTAGE  MOBE  THAN  BATED. 

In  the  smash  tests  of  series  1-D  a  lamp  was  mounted  in  the  holder 
and  placed  in  the  gallery.  The  consumption  of  current  by  the  lamp 
at  a  predetermined  voltage  was  measured  and  the  gallery  was  then 
closed  and  filled  with  gas,  the  lamp  was  lighted,  and  the  bulb  was 
smashed  by  striking  the  breaking  rod  with  a  hammer.  The  gallery 
was  thoroughly  aired  after  the  observations  had  been  recorded.  The 
object  of  this  series  of  tests  was  to  determine  the  amount  of  excess 
energy  that  would  be  required  to  cause  ignition  of  gas  by  lamps  that 
did  not  ignite  gas  at  rated  voltage.  The  results  thus  obtained  pro- 
vide a  means  for  comparing  the  relative  safety  of  the  different  classes 
of  standard  lamps  when  the  bulbs  are  smashed  by  a  direct  blow. 
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gallery.  The  corrent  consumption  of  the  lamp  at  rated  voltage  was 
measured  and  the  gallery  was  closed  and  filled  with  a  mixture  of  air 
and  8.6  per  cent  gaa  The  lamp  was  lighted  and  the  bulb  was 
smashed  by  striking  the  breaking  rod  with  a  hammer  (PL  IV). 
After  all  observations  had  been  recorded,  the  gallery  was  aired  out 
for  the  next  test.  Both  miniature  and  standard  lamps  were  tested  in 
this  manner. 

SXaUIS  l-A,  LAMPS  on   ALTEBNATina  CUBBENT. 

The  smash  tests  of  series  1-A  were  identical  with  those  of  series  1, 
except  that  alternating  current  was  used  instead  of  direct  current. 
The  purpose  of  the  series  was  to  determine  whether  the  character  of 
the  current  had  an  influence  upon  the  tendency  of  the  lamps  to  ignite 
gaseous  mixtures.    Only  standard  lamps  were  tested  in  this  manner. 

8EBIE8    1-B,   LAMPS   CONNECTED   IN   SEBltaS. 

The  smash  tests  of  series  l-B  were  identical  with  those  of  series  1, 
except  that  the  lamp  under  test  was  in  series  with  one  or  more  similar 
kmps,  the  voltage  impressed  across  the  series  of  lamps  being  of  such 
a  value  as  to  give  the  rated  voltage  across  the  terminals  of  the  test 
lamp.  The  object  of  this  series  of  tests  was  to  determine  whether 
the  series  connection  of  lamps  increases  the  risk  attending  the  use  of 
such  lamps  in  mines.  Only  standard  lamps  were  tested  in  this 
manner. 

BEBIB8   1-0,  GAS  PEBOENTAOBB  YABEBD. 

The  tests  of  series  1-C  were  also  identical  with  those  of  series  1, 
except  that  the  percentages  of  gas  used  in  the  explosive  mixture  were 
increased  or  decreased.  The  purpose  of  the  tests  was  to  determine 
whether  the  lamps  would  ignite  all  mixtures  containing  percentages 
of  gas  that  were  between  the  explosive  limits  of  the  gas.  Both  minia- 
ture and  standard  lamps  were  tested  in  this  manner. 

SBBIES    l-D,   VOLTAGE   MOBE  THAN  BATED. 

In  the  smash  tests  of  series  1-D  a  lamp  was  mounted  in  the  holder 
and  placed  in  the  gallery.  The  consumption  of  current  by  the  lamp 
at  a  predetermined  voltage  was  measured  and  the  gallery  was  then 
closed  and  filled  with  gas,  the  lamp  was  lighted,  and  the  bulb  was 
smashed  by  striking  the  breaking  rod  with  a  hammer.  The  gallery 
was  thoroughly  aired  after  the  observations  had  been  recorded.  The 
object  of  this  series  of  tests  was  to  determine  the  amount  of  excess 
energy  that  would  be  required  to  cause  ignition  of  gas  by  lamps  that 
did  not  ignite  gas  at  rated  voltage.  The  results  thus  obtained  pro- 
vide a  means  for  comparing  the  relative  safety  of  the  different  classes 
of  standard  lamps  when  the  bulbs  are  smashed  by  a  direct  blow. 
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GBNIOIAL  BEHAVIOB  OF  LAMPS  IN  BMASH  TMTS. 

The  general  behavior  of  the  lamps  in  the  tests  of  series  1, 1-A,  1-B, 
1-C,  and  1-D  was  the  same.  With  three  exceptions,  the  filaments  of 
standard  lamps  were  broken  when  the  bulbs  were  smashed,  but  the 
miniature-lamp  filaments  usually  remained  intact  Ignitions,  when 
they  occurred  in  the  tests  of  standard  lamps,  seemed  to  take  place 
almost  simultaneously  with  the  blow  of  the  breaking  hammer,  but 
in  some  of  the  miniature-lamp  tests  the  ignition  of  gas  was  delayed 
until  several  seconds  had  elapsed  after  the  bulb  had  been  broken. 
In  most  tests  the  bulb  was  practically  destroyed  by  the  blow.  In  a 
few  tests  the  breaking  rod  merely  made  a  hole  in  the  side  of  the  bulb. 

Ignitions  from  standard  lamps,  especially  from  those  having  a 
high  current  consumption,  were  more  violent  than  ignitions  resulting 
from  the  miniature-lamp  tests.  The  ignitions  obtained  when  the  gas 
percentages  were  more  or  less  than  8.6  per  cent  were  less  violent  than 
those  obtained  with  8.6  per  cent  gas.  The  diminution  of  violence  was, 
however,  more  marked  with  the  lower  percentages  of  gas. 

When  carbon  filaments  burned  in  air  or  gas  the  cooling  of  the 
filaments  caused  a  decrease  in  the  current  consumption.  The  converse 
was  true  of  the  tungsten  filaments.  The  carbon  filaments  of  the 
miniature  lamps  were  cooled  to  such  an  extent  that  they  burned  at  a 
dull  red  glow,  the  current  consumption  being  greatly  reduced,  so  that 
sufiicient  heat  to  produce  ignition  was  not  developed  at  the  point 
where  the  filaments  ruptured.  The  tungsten  filaments^  of  the  standard 
lamps  were  probably  broken  by  the  jar  from  the  hammer  blow  before 
the  gas  came  in  contact  with  them,  but  they  either  retained  sufficient 
heat  to  ignite  the  gas  when  they  came  in  contact  with  it  (as  in  the 
case  of  the  25-watt,  110- volt  lamps),  or  (as  in  the  case  of  the  25- watt, 
220- volt  lamps)  the  pieces  of  the  broken  filament  short-circuited  and 
thus  produced  ignition. 

SERIES  2,  TIP-BBEAKINO  TESTS. 

For  the  series  2  tests  a  lamp  was  mounted  in  the  holder  (PI.  V,  By 
and  placed  in  the  gallery.  The  current  consumption  at  rated  voltage 
was  measured  and  the  gallery  was  closed  and  filled  with  gas.  The 
breaking  arm  was  then  released  and  allowed  to  sweep  across  the  top  of 
the  bulb  in  such  a  manner  that  a  part  of  the  tip  was  broken  off.  The 
observations  were  recorded  and  the  gallery  aired.  The  purpose  of 
these  tests  was  to  determine  the  danger  incident  to  breaking  lamps  in 
this  manner.  Only  standard  lamps  were  subjected  to  this  series  of 
tests. 

GEHSBAL  BEHATIOB  OF  LAMPS   IN   THB  TIF-BBBAKINe  TESTS. 

Lamps  tested  under  the  conditions  of  the  series  2  tests  were  affected 
in  three  different  ways.  The  lamps  tested  may  be  classified,  ac- 
cording to  the  acticm  of  the  entering  gas  upon  their  filaments,  as 
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lamps  with  broken  filaments  (PL  VI,  A)^  lamps  with  cooled  fila- 
ments, and  lamps  with  uncooled  filaments.  Lamps  of  the  first  class 
never  ignited  the  gas,  and  require  no  further  comment.  Of  the 
lamps  with  cooled  filaments  those  with  the  larger  filaments  usually 
recovered  their  temperature  without  delay  and  ignited  both  the  gas 
within  the  bulb  and  that  surrounding  it.  Those  with  the  smaller 
filaments  (PL  VI,  B)  recovered  their  temperature  more  slowly,  re- 
quiring from  one  to  five  minutes  to  ignite  the  gas.  The  ignitions 
from  these  smaller  filaments  were  generally  produced  by  "  hot  spots." 
Plate  n,  Bj  shows  a  typical  hot  spot  at  the  point  of  rupture.  These 
hot  spote  occurred  at  points  on  the  filament  where  oxidation  was 
more  rapid  and  where  the  dissipation  of  energy  by  the  filament  was 
concentrated,  as  shown  by  a  marked  increase  in  the  brilliancy  of  the 
filament  and  subsequent  burning  at  such  points.  Ignitions  caused 
by  hot  spots  usually  occurred  just  before,  or  coincident  with,  the 
rupture  of  the  filament. 

Filaments  that  were  not  cooled  by  the  entering  gas  generally 
ignited  it  before  the  bulbs  had  filled  with  gas,  thus  effecting  an  igni- 
tion not  violent  enough  to  destroy  the  bulb.  Part  of  the  products  of 
the  ignition  remained  within  the  bulb  and,  upon  cooling,  became 
mixed  with  a  fresh  supply  of  incoming  gas,  and  a  second  ignition 
weaker  than  the  first  was  produced.  This  process  continued  until 
the  bulb  became  filled  with  inert  gases.  These  gases  surrounded  the 
burning  filament  and  delayed  its  oxidation,  so  that  it  glowed  for  a 
longer  period  than  if  surrounded  by  air.  Several  consecutive  igni- 
tions occurred  within  the  bulb  in  most  tests  of  this  class.  Such  igni- 
tions were  manifested  by  alternate  increase  and  decrease  in  the 
deflection  of  the  ammeter  and  by  the  darkening  and  brightening  of 
the  filament.  The  first  two  or  three  ignitions  usually  produced  a 
hissing  noise  due  to  the  expulsion  of  the  gases  through  the  small 
opening  in  the  bulb. 

The  size  of  the  hole  made  by  the  breaking  arm  was  an  important 
factor  in  producing  ignitions.  With  the  larger  filaments  large  holes 
were  more  likely  to  produce  ignition  than  were  small  ones.  When- 
ever the  breaking  arm  made  a  sufficiently  large  hole  in  the  bulb,  the 
entering  gas  would  cool  the  filament  long  enough  to  allow  the  bulb 
to  become  filled  with  gas.  When  the  inrush  of  gas  had  ceased,  the 
filament  would  at  once  recover  its  normal  temperature  and  ignite 
the  gas  within  and  surrounding  the  bulb.  In  many  such  tests  the 
filament  continued  to  glow  for  several  seconds  after  ignition  had 
taken  place. 

SERIES  8,  PUNCTURE  TESTS. 

The  lamps  were  prepared  for  the  series  3  tests  by  indenting  the 
necks  of  the  bulbs  at  diametrically  opposite  points  by  means  of  a 
blowpipe  flame.    The  indentations  were  then  covered  with  pieces  of 
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paper  the  size  of  a  postage  stamp.  The  purpose  of  the  paper  was  to 
regulate  the  size  of  the  hole  made  by  the  puncturing  rod.  The  hole 
made  in  the  paper  was  usuaUy  less  than  that  made  through  the  glass 
and  therefore  regulated  to  some  extent  the  velocity  of  the  entering 
gas. 

The  lamp,  having  been  properly  prepared,  was  placed  in  the 
holder  (PI.  V,  C)  in  such  a  manner  that  the  pointed  ends  of  the 
puncturing  rods  entered  the  indentations  in  the  neck  of  the  bulb. 
The  holder  was  placed  in  the  gallery  and  the  current  consumpticm  of 
the  lamp  at  rated  voltage  was  measured.  The  gallery  was  then 
closed  and  filled  with  gas,  the  lamp  was  lighted,  and  the  bulb  was 
punctured.  The  puncture  was  caused  by  a  blow  fr<Hn  the  breaking 
arm,  which  in  this  case  was  so  adjusted  as  to  strike  a  sliding  rod, 
the  pointed  end  of  which  was  placed  in  one  of  the  indentations  in 
the  lamp.  The  purpose  of  these  tests  was  to  study  the  action  of  the 
filaments  upon  gas  that  entered  the  bulb  in  such  a  way  as  not  to 
injure  the  filament. 

OENEBAL  BEHAVIOR  OF  LAMPS  IN   THE  FUITCTUSE  TESTB. 

The  action  of  the  filaments  in  these  tests  was  similar  to  that 
observed  in  the  series  2  tests,  except  that,  owing  to  the  manner  in 
which  the  gas  entered  the  bulb,  fewer  filaments  were  destroyed  by  the 
entering  gas  and  consequently  more  explosions  resulted. 

SERIES  4,  NAKED-FILAMEKT  TESTS. 

The  glass  was  carefully  removed  from  around  the  filament,  and 
the  base,  together  with  the  naked  filament,  was  mounted  in  the  holder 
and  placed  in  the  gallery.  The  gallery  was  closed  and  filled  with 
gas.  Current"  was  then  impressed  on  the  naked  filament.  The 
object  of  the  series  4  tests  was  to  observe  the  action  of  unbroken 
filaments  burning  in  a  gaseous  mixture.  Both  miniature  and  stand- 
ard lamps  were  tested  in  this  manner. 

GENERAL    BEHAVIOR   OF   LAMPS    IN    THE   NAKED-FILAMENT    TESTS. 

In  this  series  there  were  among  the  standard  lamps  no  failures  to 
ignite  gas  although  ignitions  were  sometimes  delayed.  The  larger 
filaments  ignited  the  gas  practically  as  soon  as  current  was  impressed 
upon  them,  smaller  filaments  ignited  the  gas  after  an  appreciable 
interval,  and  the  smallest  fiilaments  sometimes  burned  for  several 
minutes  before  ignition  occurred.  In  such  tests  ignition  was  caused 
by  a  hot  spot  in  the  filament.  As  the  oxidation  of  the  filament 
progressed  the  resistance  of  certain  sections  increased  to  such  a 

•  Bated  Yoltage  In  the  case  of  standard  lamps  and  more  than  rated  Toltage  In  the 
of  miniature  lamira. 


A.     HOLDER  USED  IN  SMASH  TESTS. 


H  TIP-BREAKING  TESTS 
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degree  that  almost  all  of  the  energy  absorbed  by  the  lamp  was  con- 
centrated in  those  sectiona  The  temperature  of  those  sections  rose 
to  a  degree  which,  judged  by  the  eye,  equalled  or  exceeded  the  nor- 
mal temperature  of  the  filament  in  a  vacuum.  In  the  majority  of 
tests  of  standard  lamps  the  filaments  burned  off  after  the  gas  had 
ignited. 

EXCEPTIONAL  TEST  RESULTS. 

The  results  of  the  investigation  as  a  whole  were  satisfactorily  con- 
sistent Quite  as  satisfactory,  however,  were  a  few  tests  whose 
results  were  the  exact  opposite  of  what  was  to  be  expected.  Some 
of  the  exceptional  results  are  mentioned  below  and  are  of  interest 
as  showing  a  few  of  the  possible  variations  in  the  behavior  of  the 
lamps. 

Lamp  161,  rated  190  watts  at  220  volts,  and  lamps  146  and  171, 
rated  120  watts  at  55  volts,  were  smashed  under  series  1  conditions. 
These  were  the  only  standard  lamps  whose  filaments  were  not  broken 
when  the  bulbs  were  smashed.  Each  lamp  gave  an  immediate  igni- 
tion when  the  bulb  was  broken,  the  filaments  continuing  to  glow  5  to 
20  seconds  after  the  ignition. 

Lamp  172,  rated  60  watts  at  110  volts,  was  smashed  and  ignited 
the  gas  under  series  1  conditions.  This  was  the  only  ignition  re- 
sulting from  22  trials,  and  was  probably  caused  by  a  short  circuit 
of  the  filament.  This  theory  is  confirmed  by  the  results  of  subse- 
quent tests  made  with  lamps  617,  646,  706,  800,  897,  and  923  in  which 
short  circuits  were  known  to  have  occurred. 

Lamp  617,  rated  60  watts  at  110  volts,  was  smashed  under  series 
1  conditions.  The  anchored  loop  of  the  filament  swung  downward 
and  short-circuited  the  leading-in  wires,  thus  causing  ignition  of 
the  gas. 

Lamp  906,  rated  30  watts  at  110  volts,  was  punctured  under  series 
8  conditions.  The  gas  within  the  bulb  was  ignited,  destroying  the 
bulb  but  not  igniting  the  gas  surrounding  it.  This  was  the  only 
test  in  which  the  gas  surrounding  the  bulb  was  not  ignited  when  the 
explosion  within  the  bulb  was  sufficiently  violent  to  destroy  it.  When 
the  bulb  was  punctured  the  entering  gas  cooled  the  filament  to  black- 
ness, but  it  recovered  its  temperature  almost  immediately  and,  after 
burning  with  a  dull  red  color  for  35  seconds,  began  to  glow  more 
brilliantly.  At  the  end  of  47  seconds  the  gas  within  the  bulb  ignited 
with  a  sharp,  snappy  report,  completely  destroying  the  bulb,  but 
failing  to  ignite  the  gas  surrounding  it. 

Lamps  672  and  683,  rated  120  watts  at  220  volts,  were  tested  under 
series  2  (tips  broken)  conditions.  These  tests,  although  similar  to 
many  others  of  the  same  series,  were  noteworthy  because  of  the  length 
of  time  required  for  the  filaments  to  oxidize.    The  filaments  of  both 
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lamps  glowed  for  more  than  five  minutes  bef(Nre  they  burned  off, 
and  -did  not  ignite  the  gas  in  the  gallery.  The  test  of  lamp  683  was 
also  interesting  because  18  distinct  ignitions  were  observed  within 
the  bulb.  The  removal  of  the  tip  left  a  hole  ^  inch  in  diameter. 
The  incoming  gas,  failing  to  cool  the  filament,  was  ignited  before 
much  gas  had  entered  the  bulb.  The  resulting  explosion  was,  there- 
lore,  weak  and  did  not  injure  the  bulb.  The  inflow  of  gas  was 
momentarily  checked,  but  was  almost  immediately  reestablished  by 
the  cooling  of. the  products  of  combustion  within  the  bulb.  The 
filament,  still  glowing  at  nearly  normal  brilliancy,  once  more  ignited 
the  entering  gas  and  the  cycle  of  events  was  repeated  17  times  in 
about  five  seconds  with  constantly  decreasing  strength. 

Lamp  898,  rated  60  watts  at  220  volts,  when  punctured  gave  a  de- 
layed ignition.  Lamps  of  this  class  usually  caused  almost  immediate 
ignition  when  the  lamp  filaments  were  not  broken  by  the  gas.  In  the 
test  of  this  particular  lamp  the  ignition  occurred  53  seconds  after 
the  bulb  had  been  punctured.  The  delay  of  the  ignition  was  prob- 
ably due  to  a  large  opening  in  the  bulb  which  permitted  the  enter- 
^g  g^  to  cool  the  filament  below  the  ignition  temperature  of  the 
mixture.  The  filament  did  not  recover  its  temperature  at  once,  but 
burned  at  a  dull  red  hue,  not  having  sufficient  temperature  to  ignite 
the  gas  until  the  heat  became  concentrated  at  a  single  point.  The 
filament  then  ignited  the  gas  within  the  bulb,  the  explosicm  destroying 
the  bulb  and  igniting  the  surrounding  gas. 

Lamp  780,  rated  120  watts  at  55  volts,  was  tested  under  series  2  (tip 
broken)  conditions,  and  caused  an  ignition  of  gas.  This  test  was  one 
of  several  in  which  the  filaments  continued  to  bum  for  several  sec- 
onds after  ignition  had  taken  place.  In  this  particular  test  ignition 
occurred  almost  as  soon  as  the  tip  had  been  broken.  The  resulting 
explosion  destroyed  the  bulb  and  ignited  the  gas  surrounding  it  but 
did  not  injure  the  filament,  which  burned  for  22  seconds  before  rap- 
turing at  one  of  three  hot  spots. 

Lamp  686,  rated  16  candlepower  at  110  volts,  was  tested  under 
series  2  conditions.  The  tip  was  so  broken  that  a  hole  less  than 
one  sixty-fourth  inch  in  diameter  resulted.  The  gas  entered  so 
slowly  that  its  effect  upon  the  filament  was  imperceptible.  There 
was  no  explosion  within  the  bulb,  an  indication  that  the  gas  burned 
as  it  entered.  The  filament  developed  two  hot  spots  and  burned  off 
at  one  five  minutes  from  the  time  of  breaking  the  tip. 

Lamp  728,  rated  80  watts  at  55  volts,  was  tested  under  series  2  (tip 
broken)  conditions.  The  filament  was  slightly  cooled  as  the  gas 
entered,  but  recovered  its  temperature  and  in  about  two  seconds 
ignited  the  gas  within  the  bulb,  completely  destroying  it.  The  fila- 
ment then  burned  in  the  surrounding  gas  approximately  four  sec- 
onds before  ignitng  it    The  filament  was  not  injured  by  either  igni- 
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tion,  but  burned  off  at  a  hot  spot  nine  seconds  after  the  tip  had  been 
broken. 

Lamp  840,  rated  190  watts  at  220  volts,  was  tested  under  series  2 
conditions.  The  filament  was  broken  off  at  one  leading-in  wire  by 
the  entering  gas.  Six  flashes  were  observed  within  the  bulb,  which 
became  filled  with  a  smoky  vapor.  The  vapor  was  later  found  to 
have  been  due  to  the  vaporizing  of  the  substance  used  to  secure  the 
filament  to  the  leading-in  wires.  The  loosened  filament  made  and 
broke  the  circuit  at  this  point,  causing  a  slight  deflection  of  the 
ammeter.    The  gas  within  the  bulb  was  not  ignited  by  these  flashes. 

Lamp  810,  rated  120  watts  at  110  volts,  was  tested  under  series  2 
conditions  and  caused  an  ignition  of  both  the  gas  within  the  bulb 
and  the  surrounding  gas.  This  test  was  exceptional  in  that  a  distinct 
report  was  heard  for  each  of  the  two  ignitions.  Usually  when  an 
ignition  within  the  bulb  destroyed  the  bulb  the  ignition  of  the  sur- 
rounding gas  followed  so  quickly  that  only  one  report  was  audible. 

Lamp  923,  rated  35  watts  at  220  volts,  ignited  the  gas  when  tested 
under  series  3  conditions.    When  the  bulb  was  punctured  there  oc- 
curred a  severe  short  circuit  which,  although  instantly  relieved  by 
the  line  fuses,  registered  four  times  normal  current  on  the  ammeter, 
and  burned  off  the  leading-in  wires  close  to  the  glass. 

BEStTLTB  OF  STANBABD  LAKP  TBSTS. 

TABUIxATION. 

A  tabulation  of  the  results  of  the  tests  of  standard  lamps  follows . 
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DISCUSSION. 

The  results  of  the  tests  of  the  standard  lamps  were  satisfactory 
in  that  positive  results  were  obtained  in  almost  every  case.  The 
purpose  of  the  tests  was  to  determine  whether  certain  specific  sizes 
of  incandescent  lamps  would  when  broken  ignite  explosive  mixtures 
of  gas  and  air.  The  results  obtained  showed  that  gaseous  mixtures 
could  be  ignited  by  all  the  classes  of  standard  lamps  tested  and  also 
by  all  the  classes  of  miniature  lamps  that  gave  sufficient  light  to  be 
of  commercial  value.  Although  some  classes  of  lamps  gave  com- 
paratively few  ignitions,  the  unsafe  character  of  such  lamps  was 
indicated  by  even  a  single  ignition  under  conditions  that  might  exist 
in  actual  practice. 

SMASH   TESTS    (SEUES   l). 

Series  1  tests  included  tests  of  both  standard  and  miniature*  lamps. 
In  table  4  the  results  of  series  1-A  and  1-B  are  combined  with  those 
of  series  1,  as  the  behavior  of  the  lamps,  was  the  same  in  all  three 
series. 

In  the  tests  of  series  l-A,  made  with  alternating  current,  25  igni- 
tions were  obtained  from  80  trials,  as  compared  to  26  ignitions  from 
80  trials  in  the  tests  of  series  1  made  with  direct  current.  In  the 
tests  of  series  1-B,  made  with  series-connected  lamps,  11  ignitions 
were  obtained  from  50  trials,  as  compared  to  14  ignitions  from  50 
trials  made  with  similar  lamps  connected  in  multiple  (series  1). 

The  results  presented  in  table  4  demonstrate  that  the  standard 
lamps  that  ignite  gas  least  readily  are  those  of  low  candlepower  and 
high  voltage.  The  only  lamps  that,  in  some  brand,  did  not  ignite 
gas  were  those  of  the  8-candlepower,  220-volt  class.  Lamps  of  the 
16-candlepower,  220-volt  and  32-candlepower,  220-volt  classes  failed 
to  ignite  gas  in  some  brands,  but  gave  ignition  in  others. 

There  is  a  seeming  lack  of  uniformity  in  the  number  of  lamps  of 
each  rating  tested.  This  is  due  to  the  fact  that  the  lamps  were 
tested  by  general  classes  rather  than  by  brands  or  ratings.  As  an 
additional  reason,  the  tests  of  series  1~C  and  1-D  showed  so  con- 
clusively the  characteristics  of  certain  sizes  of  lamps  that  it  was  not 
thought  necessary  to  multiply  repetitions  of  the  series  1  tests.  Not 
less  than  80  smash  tests  of  one  form  or  another  w?ere  made  of  each 
general  class  of  lamp  concerning  whose  ability  to  ignite  gas  there 
was  any  doubt. 

Standard  incandescent  lamps  for  underground  use  are  usually 
16-candlepower,  110  to  250  volt  lamps.  Sixty- two  carbon  lamps  and 
7  tungsten  lamps  of  the  16-candlepower,  110- volt  class  were  tested 
by  direct  smashing  while  burning  at  rated  voltage.  Five  of  the 
carbon  and  6  of  the  tungsten  lamps  ignited  the  gas.    Twenty-seven 
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<»rbon  lamps  and  14  tungstwi  lamps  of  the  16-candlepower,  220-volt 

*M^  tested  by  direct  smashing  while  burning  at  rated  voltage. 

^  °£,*^*  carbon  lamps  and  4  of  the  tungsten  lamps  ignited  the 

°^       ^"^  carbon  lamp  produced  ignition  by  the  short-circuiting  of 

Its  filament 

percentage  of  ignitions  given  by  the  several  classes  of  lamps 
<s  graphically  shown  in  figure  1.  The  figure  indicates  that  55-toU 
0-poit  lamps  of  all  candlepowers  ignited  gas  under  the  condi- 
tions o/ (he  series  1  tests,  that  32  and  50  candlepower,  55.volt  lamps 
minably  ignited  the  gas,  that  the  8-candlepower,  220-voIt  lamps 
ht  ■  ^  '^'^'onSf  and  that  in  general  the  percentage  of  ignitions 
*"     "Vflj  ^n^j  jjg  of  a  given  candlepower  decreased  as  the  voltage 
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SMASH   TEBTB    (bebibb   1-A.  Aim    I 


B). 


\~S~  and   1-B  tests  were  made  with  standard  lamps  only, 
tated  above  tbe  behavior  of  the  tamps  was  the  same  as  in  the 
„^  of  series  1. 

BHABH    TEBTB    (BBBHS   1-0). 

The  tests  of  series  1-C  were  made  with  both  standard  and  miniature 

Ikiods.   t^®  resuhs  showed  that  any  standard  or  miniature  lamp  that 

nuld  cause  ignition  of  gas  in  the  most  explosive  mixture  woTild, 

nder  similar  conditions,  ignite  mixtures  containing  from  5  to  11.5 

per  cent  of  gas. 

None  of  the  lamps  ignited  mixtures  containmg  more  than  12  or 
leea  than  5  per  cent  of  gas. 
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SMASH  TESTS   (SISIES  1-D). 

Series  1-D  tests  were  made  with  both  standard  and  miniature 
lamps. 

The  tests  of  standard  lamps  were  made  for  two  purposes,  first  to 
confirm  by  positive  results  the  negative  results  of  the  series  1  tests, 
and  second  to  btain  a  means  of  comparing  the  relative  safety  of  such 
lamps  as  did  not  cause  ignition  in  the  series  1  tests. 

The  tests  achieved  the  purpose  for  which  they  were  undertaken. 
Lamps  that  gave  negative  results  in  the  tests  of  series  1  gave  no 
ignitions  in  the  series  1-D  tests  until  their  energy  consumption  had 
been  increased  by  at  least  26  per  cent  (see  table  4,  16-candlepower, 
110-volt  lamp). 

Table  4  gives,  for  each  brand  of  standard  lamps  tested,  the  number 
of  ignitions  and  the  percentage  of  normal  wattage  at  which  ignition 
took  place.  Table  5  gives  similar  information  for  each  general  class 
of  lamp.  The  figures  given  in  the  fifth  colunm  of  table  5  provide  a 
means  of  comparing  the  relative  abilities  of  the  lamps  to  ignite  the 
gas  when  the  lamps  are  broken  by  a  direct  blow  while  under  rated- 
voltage  conditions.  A  lamp  that  causes  ignition  only  when  its  fila- 
ment is  radiating  3.5  times  its  normal  energy  is  obviously  less  likely 
to  ignite  gas  under  normal  conditions  than  a  lamp  that  invariably 
causes  ignition  when  radiating  only  80  per  cent  more  than  its  normal 
energy. 

Table  5. — Summary  of  results  of  tests  in  series  1-D, 


Approzlniato  rating  of  lamps. 

Number 

of  igni* 

tioiiB. 

Ftcoaatage  of  nonnal  wattage 

Candto- 
pow«. 

Watts. 

Volts. 

Kinl. 
mum.* 

Average 
minl- 

Aver- 
age.« 

8 

8 

18 

8 

16 

82 

80 

25-80 

<0-«) 

85 

80 

190 

56 

110 
110 
220 
220 
220 

27 
24 
27 
11 
27 
80 

128 
214 
(1108 
840 
182 
U7 

185 
282 
119 
804 
100 
120 

142 
280 
126 
865 

206 
182 

•  Mtnimnm  peroentage  of  normal  wattage  (Bee  footnote,  table  4)  at  wfaloh  an  Isnition  was  obtained  fhim 
any  brand  of  lamp. 

h  Average  mfatmnm  percentage  of  normal  wattage  for  all  brands. 

«  Average  percentage  of  normal  wattage  for  all  tests  giving  an  ignition, 

d  Tills  brand  of  laiib  gave  ignitions  at  nonnal  wattage  in  8.3  per  oent  of  the  series  1  tests  (see  table  4L 
50-watt,  110-volt  lamp). 

TXF-BBEAKING  TESTS    (SERIES   2). 

The  tests  of  series  2  were  made  with  standard  lamps  only.  The 
results  of  the  tests  showed  that  practically  every  class  of  standard 
lamps  will  ignite  gas  if  the  tips  are  removed  in  a  certain  way.  The 
size  of  the  hole  left  by  the  removal  of  the  tip  has  an  important 


DEXAIL8  OF  THE  IKVBSTIGATION. 


2S 


bearing  upon  whether  or  not  ignition  will  occur.  Small  filaments 
are  most  likely  to  ignite  when  the  hole  is  small;  the  reverse  is  true 
with  large  filaments.  There  are  three  conditions  that  may  exist  after 
the  tip  has  been  removed: 

The  filament  may  be  distorted  and  broken  by  the  entering  gas 
(PL  VI5  -4) ;  the  filament  may  remain  intact  but  be  cooled  by  the 
entering  gas  below  the  ignition  point  of  the  gas,  recovering  its  tem- 
perature later  and  burning  off  after  igniting  the  gas  (PL  VI,  B) ; 
the  filament  may  ignite  the  gas  as  it  enters,  thus  producing  a  partial 
explosion  that  temporarily  checks  the  entrance  of  gas  and  fills  the 
bulb  with  the  products  of  combustion. 

These  conditions  are  stated  in  the  order  of  the  violence  of  the  gas 
entrance.  The  first  and  last  are  at  either  extreme  and  produce  no 
ignition.  The  second  condition  which  depends  upon  the  proper 
relation  of  filament  diameter  to  gas-entrance  velocity  is  the  only 


55-VOLT 


110-VOLT 


220 -VOLT 


y  I 
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8     16    32    50 

CANDLEPOWER 


8     16    32    50 

CANDLEPOWER 


8     16    32    50 

CANDJLEEOWER 


FiGUBB  2. — Diagnm  representliig  comparative  percentages  of  Ignitions  in  tip-breaking 
tests.    Shaded  parts  represent  ignitions ;  unshaded  parts  represent  failures  to  ignite. 

one  that  causes  ignitions,  but  does  so  invariably.  Wherever  in  table 
4  less  than  100  per  cent  of  ignitions  from  unbroken  filaments  is 
reported,  the  third  condition  prevailed  in  some  of  the  tests.  Where- 
ever  the  percentage  of  ignitions  does  not  agree  with  the  percentage 
of  ignitions  from  unbroken  filaments,  the  first  condition  prevailed 
in  some  of  the  tests. 

Figure  2  shows  graphically  the  percentage  of  ignitions  obtained 
from  the  various  classes  of  lamps.  The  figure  shows  that  the  per- 
centage of  ignitions  increased  as  the  candlepower  rating  increased 
and  decreased  as  the  voltage  rating  increased,  and  that  although  no 
class  of  lamps  gave  100  per  cent  of  ignitions,  all  classes  produced  some 
ignitions.  Although  the  average  percentage  of  ignitions  in  the  tests 
of  series  2  is  less  than  that  in  the  tests  of  series  1,  the  former  tests 
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proved  to  be  the  more  severe  because  they  showed  that  every  class 
of  lamp  could  cause  ignition.  The  tip-breaking  and  the  smai^  tests 
are  both  practical.  In  the  majority  of  underground  lighting  sys- 
tems, the  tip  of  the  bulb  is  the  most  exposed  part  of  the  lamp  and 
lamps  are  often  destroyed  by  having  their  tips  broken  off. 

FUNOTUBB  TESTS    (SESnES   8). 

The  tests  of  series  8,  made  with  standard  lamps  only,  were  simi- 
lar in  character  to  those  of  series  2,  the  principal  differences  being 
that  the  gas  entered  through  larger  holes  and  did  not  impinge 
directly  upon  the  filaments.  Under  these  conditions  the  filaments 
were  greatly  cooled,  but  were  not  broken.  As  compared  to  the  tests 
of  series  2,  the  percentage  of  unbroken  filaments  was  1.45  times  as 
great.  The  cooling  of  the  filaments  is  evidenced  by  the  high  per- 
centage of  ignitions  from  unbroken  filaments,  which  was  2.5  times 
as  great  as  in  the  tests  of  series  2.  The  severity  of  the  conditions 
is  shown  by  the  fact  that  the  percentage  of  igniticms  was  3.6  times 
as  great  as  in  the  series  2  tests. 

lVAKED-FII.AMEirr  TESTS    (SEBIBS  4). 

The  tests  of  series  4  were  made  with  both  standard  and  minia- 
ture lamps.  They  showed  conclusively  that  any  of  the  standard 
lamp  filaments  burning  in  an  explosive  mixture  of  gas  will  eventu- 
ally ignite  it.  This  fact  is  confirmed  by  some  of  the  series  3  results, 
the  conditions  in  the  latter  series  being  similar  in  some  tests  to  the 
conditions  in  the  series  4  tests. 
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BESULTS  07  XIHIATXJBE-I.AUF  TESTS. 

TABUI*ATION. 

A  tabulation  of  the  general  results  of  the  tests  of  miniature  lamps 
follows : 

Table  6. — yum^her  of  tests  made  vHth  mirUature  lamps/^  and  percentage  &f 

iffnitions  obtained. 


CtodlB- 


0.5 

.5 


LO 


LO 
1.0 
1.0 
1.6 
1.5 
XO 


2.0 
2.0 
2.0 


Volts. 


1.5 
1.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.5 
2.6 
%5 
S.6 
3.5 
4.0 
4.0 
4.5 
5.5 
5.5 
6.0 
2.5 
2.5 
8.5 
3.5 
8.5 
5.5 
5.5 
5.5 


Am- 


Nmn 

berof 

lamps 

tesC- 

ed. 


0.40 
.40 
.23 
.23 
.40 
.40 


.43 
.43 
.53 
.53 
.73 
.30 
.80 


.80 
.80 


.53 


10 

2 

0 

3 

4 

5 

0 

8 

4 

1 

4 

5 

11 

12 

10 

23 

21 

10 

5 

10 

0 

12 

5 

2 

5 

10 

7 

6 

4 

6 

8 


Series 
Ko. 


1-D 

4 
1-D 
1-D 

1 
1-D 

1 

1 
1-D 

1 
1-D 

1 

1 
1-C 

1 

1 
1-C 

1 

1 

1 

1 
1-C 

1 

1-D 
4 

1 
1-D 

4 

1 

1-D 

4 


CoDditioos  of  test. 


Pep- 

eeotago 

of  rated 

▼olt- 

age.& 


132.7 

138.7 

120.0 

148.5 

100.0 

106.8 

100.0 

96.7 

108.0 

98.5 

102.8 

94.5 

100.0 

100. 

100. 

99. 

100. 

82.2 

94.9 

85.3 

98.8 

100.0 

88.2 

« 108.0 

168.0 

«99.2 

137.1 

142.0 

<98.2 

105.2 

101.5 


0 
0 
2 
0 


GMpenentage. 


8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8  6 

5to6aiidlltoll'.5 

8.6 
8.6 
5to6aiidlltol2.5 
8.6 
8.6 
8.6 

5to7aiidlUtoi2 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 


Bulb  broken 
by- 


Smashing 

Smashmg 

Smaahmg 
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....do.... 
....do.... 
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do 
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Results  of  test. 


Num- 
ber of 
igni- 
tfons. 


1 
1 
3 
1 
1 
2 
7 
3 
4 
1 
3 
3 
7 
4 
3 
16 
12 
7 
5 
7 
6 
11 
5 
0 
1 
0 
2 
2 
0 
4 
1 


Perw 

oentage 

oftgni- 

tions. 


Mini- 

mum 

peroent> 

age  of 

rated 

voltage 

giving 

anigni- 

tion. 


10.0 
50.0 
33.3 
33.3 
25.0 
40.0 
77.8 
37.6 

100.0 

100.0 
75.0 
60.0 
63.6 
83.3 
30.0 
69.6 
57.1 
70.0 

100.0 
70.0 
66.7 
01.7 

100.0 


20.0 


28.6 
40.0 


66.7 
33.3 


132.7 

138.7 

110.0 

148.5 

100.0 

107.5 

95.0 

06.5 

106.0 

98.5 

101.0 

90.0 

100.0 

100.0 

100.0 

06.6 

100.0 

70.0 

91.3 

71.1 

78.0 

100.0 

88.0 


168.0 


137.1 
142.0 


108.8 
101.5 


•  The  lamps  bad  tnngiten  fUaments,  except  those  represented  by  the  last  eight  items,  which  were 
earboo-filament  lamps. 

*  The  YmhieB  glrsn  In  this  oolomn  are  the  average  values  of  the  voltage  impressed  upon  such  lamps  as 
esnaed  Ignition. 

c  Naked-aiBiDBnt  tests. 

'  Theae  lamps  had  no  current  or  oandlepower  rating,  but  consumed  in  test  about  0.20  ampere. 

<  AvcTMB  voltage  impreased  upon  the  lamps  tested,  whether  causing  ignition  or  not. 

/  These  lamps  IumI  no  current  or  candlepower  rating,  but  consumed  in  test  about  0.35  ampere. 

f  Thaw  lamps  had  no  oumnt  or  candlepower  rating,  but  consumed  in  test  about  0.30  ampere. 


DISCUSSION. 


Miniature  lamps  can  not  be  divided  into  as  distinct  classes  as  are 
standard  lamps,  because  the  demands  of  the  service  to  which  minia- 
ture lamps  are  put  are  quite  different.  On  account  of  the  desirability 
of  using  as  light  a  battery  as  possible,  miniature  lamps  are  often 
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operated  at  higher  temperatures  than  standard  lamps,  with  a  propor- 
tionately increased  efficiency  and  decreased  length  of  life.  A  single 
lamp  may  be  variously  rated  according  to  the  needs  of  the  purchaser 
as  to  the  candlepower,  voltage,  current  consumption,  or  life. 

Another  variable  that  affects  the  performance  of  miniature  lamps 
is  the  voltage  of  the  battery  with  which  the  lamps  are  used.  There 
are  no  standard  voltages  for  this  class  of  service.  For  portable  lights 
there  is  available  almost  any  voltage  from  1.3  to  7.  These  voltages 
are  not  constant  during  the  length  of  life  of  the  battery  or  diarge, 
and  at  the  beginning  lamps  must  be  used  at  overvoltage  in  order  to 
give  a  satisfactory  average  performance.  These  facts  should  be  borne 
in  mind  while  examining  table  6,  which  summarizes  the  results  ob- 
tained from  the  tests  of  miniature  lamps. 

The  results  presented  in  table  6  show  that  none  of  the  carbon-fila- 
ment lamps  ignited  gas  under  the  conditions  of  the  series  1  (smash) 
tests.  In  fact,  no  ignitions  from  carbcm-filament  lamps  burning  at 
rated  voltage  were  obtained  in  the  tests  of  any  of  the  series.  An 
ignition  with  a  potential  4  per  cent  above  rated  voltage  was  obtained 
from  a  carbon  lamp  of  the  5.5- volt  dass  under  the  conditions  of  the 
series  1-D  tests.  Carbon  lamps  of  all  the  other  classes  gave  little 
light  and  would  be  of  little  practical  use  in  mines. 

Fifteen  classes  of  tungsten  lamps  were  tested  under  series  1  condi- 
tions. All  ignited  gas  except  the  lamps  of  the  2- volt,  0.23-ampere 
class,  and  the  lamps  of  the  1.5-volt,  0.4-ampere  class.  The  former 
gave  an  ignition  in  a  later  test  with  a  20  per  cent  overvoltage,  and 
the  latter  with  a  83  per  cent  overvoltage.  Both  of  these  lamps  gave 
about  0.5  candlepower. 

These  tests  showed  that  it  is  quite  probable  that  any  miniature  lamp 
that  gives  enough  light  to  be  of  practical  use  in  a  mine  will  ignite 
explosive  mixtures  of  gas  and  air  if  the  bulb  is  so  broken  that  the 
filament  is  not  injured. 

Table  6  shows  the  results  obtained  from  the  smash  tests,  under 
series  1-D  conditions,  of  nine  classes  of  miniature  lamps.  The  num- 
ber of  ignitions  has  been  related  to  the  impressed  voltage  in  per- 
centage of  rated  voltage  instead  of  to  the  energy  consumption  in 
percentage  of  normal  wattage,  as  with  the  standard  lamps.  This  was 
done  because  the  series  1~D  tests  were  of  an  arbitrary  nature  so  far 
as  standard  lamps  were  concerned,  and  were  made  principally  to 
determine  the  ''  factor  of  safety  ^'  of  the  various  lamps.  For  this 
purpose  the  wattage  absorbed  by  the  filament  is  the  best  indication,  as 
it  governs  the  temperature  of  the  filament  and  hence  the  quantity  of 
stored  heat. 

In  the  case  of  the  miniature  lamps,  however,  the  tests  were  prac* 
tical,  as  these  lamps  are  often  purposely  used  at  greater  than  rated 
voltage,  and  may  be  used,  through  accident  or  ignorance,  at  voltages 
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much  higher  than  those  at  which  the  lamps  are  rated.  The  relative 
danger  under  such  conditions  was  better  shown  by  the  increase  in 
Toltage  than  by  the  increase  in  wattage.  The  maximum  overvoltage 
required  to  give  ignition  in  these  tests  was  approximately  37  per  cent 
for  carbon  lamps  and  S3  per  cent  for  tungsten  lamps. 

Only  a  few  miniature  lamps  were  tested  under  series  4  (naked 
filament)  conditions.  The  lamps  tested  were  of  a  class  that  had  not 
caused  ignition  when  smashed  at  rated  voltage.  Only  one  of  these 
lamps  gave  an  ignition  at  rated  voltage  under  the  series  4  conditions. 

The  tests  showed  that  the  naked  filaments  of  miniature  lamps  will 
not  invariably  cause  ignition,  as  the  naked  standard  filaments  do, 
when  burned  to  extinction  in  explosive  mixtures. 

IMMEDIATE  CAUSE  OF  IGNITION. 

It  was  not  regarded  as  absolutely  essential  to  the  value  of  the  in- 
vestigation here  reported  that  the  specific  cause  of  ignition  of  the  gas 
be  determined.  Other  investigators,  however,  have  been  much  inter- 
ested in  this  phase;  consequently,  certain  observations  are  reported 
herein  that  bear  upon  the  question  of  whether  the  ignition  is  caused 
by  the  glowing  filament  alone  or  by  the  spark  that  occurs  when  the 
filament  is  ruptured. 

That  glowing  filaments  may  ignite  gas  seems  to  be  proved  by  the 
fact  that  in  58  tests  in  which  the  gas  was  ignited  the  filaments  con- 
tinued to  glow  2  to  59  seconds  after  ignition  had  taken  place. 

The  tests  did  not  prove  so  conclusively  that  the  spark  that  occurs 
when  the  filaments  are  broken  is  not  the  cause  of  gas  ignition, 
although  the  following  evidence  seems  to  show  that  the  unassisted 
spark  can  not  ignite  gas :  Fifty  tests  made  upon  50,  60,  and  120  watt 
lamps,  each  of  110  volts,  showed  a  greater  percentage  of  ignitions 
when  the  lamps  were  connected  in  multiple  than  when  they  were  con- 
nected in  series,  although  the  breaking  spark  was  drawn  at  110  volts 
with  the  lamps  in  multiple  as  against  550  volts  with  the  lamps  in 
series. 

By  breaking  a  noninductive  550- volt  circuit  between  a  steel  contact 
and  a  carbon  contact,  it  was  found  that  when  the  current  exceeded 
0.15  ampere  an  ignition  was  always  obtained  when  the  circuit  was 
opened.  Yet  10  tests  made  with  five  110- volt  lamps  connected  in 
series  across  550  volts  produced  no  ignition,  although  the  filament  of 
the  tested  lamp  carried  one-half  an  ampere,  and  the  spark  must  have 
been  drawn  at  550  volts.  Neither  were  ignitions  obtained  from  11 
similar  tests  made  with  lamps  carrying  approximately  1  ampere. 

The  authors  believe  that  the  spark  that  is  drawn  when  a  lamp  fila- 
mfflat  is  l»roken  is  to  a  great  extent  ^'  blown  out  ^  by  the  entering 
current  of  gas.  To  prove  this  assumption,  a  50- watt,  55-volt  naked 
filament  was  connected  iii  series  with  noninductive  resistance  and  0.5 
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ampere  (one-half  normal  current)  at  110  volts  was  passed  through 
the  circuit  The  filament  was  then  broken  by  gradual  pressure,  which 
distorted  it  until  it  snapped  off.  Five  ignitions  were  obtained  from 
six  tests  made  in  this  way.  Similar  lamps  were  then  connected  in 
series  with  noninductive  resistance  across  550  volts,  and  the  filaments 
were  disrupted  by  smashing  the  lamp  bulbs.  Five  tests  were  made, 
three  with  a  current  of  0.6  ampere  and  two  with  a  current  of  0.7 
ampere.  No  ignition  was  obtained  in  any  of  the  five  trials,  although 
the  current  was  20  to  40  per  cent  greater  and  the  voltage  400  per  cent 
greater  than  in  the  five  tests  that  gave  ignitions  with  the  naked  fila- 
ments. It  is  therefore  manifest  that  the  inrushing  gas  has  a  quench- 
ing effect  upon  the  spark* 

Five  tests  were  then  made  by  connecting  a  175-watt,  65-volt  lamp 
(normal  current  3.5  amperes)  in  series  with  a  noninductive  resistance 
of  such  value  that  2.25  amperes  flowed  through  the  filament  when  550 
volts  was  impressed  across  the  lamp  and  resistance.  The  lamp  was 
surrounded  with  gas  and  smashed  while  carrying  this  current.  No 
ignition  resulted  from  five  trials,  although  the  current  broken  was 
greater  and  the  voltage  ten  times  as  great  as  in  the  case  of  lamps « 
that  invariably  produced  ignitions  when  broken  while  burning  under 
normal  conditions. 

It  is  manifest  that  the  spark  alone  did  not  cause  these  ignitions,  if 
ignition  could  not  be  caused  by  a  similar  spark  with  ten  times  the 
voltage  behind  it. 

AUTHOBS'  THEOBY  OF  THE  lONITIOlflr  PHENOMENOir. 

The  authors  are  inclined  to  believe  that  the  likelihood  of  gas  ^  igni- 
tion by  standard  carbon-filament  lamps  is  a  function  of  the  cross 
section  of  the  filaments.  The  filaments  of  24  different  types  of 
standard  lamps  were  measured  ^  and  the  cross  sections  of  the  fila- 
ments were  compared  to  their  tendency  to  ignite  gas,  as  expressed  in 
percentage  of  ignitions  obtained  in  a  given  number  of  trials.  All 
filaments  having  a  cross  section  of  0.000177  square  centimeter  or  less 
failed  to  ignite  gas  in  the  series  1  tests.  All  filaments  having  a  cross 
section  of  0.000234  square  centimeter  or  more  invariably  ignited  gas 
under  the  conditions  of  the  series  1  tests ;  filaments  having  a  cross  sec- 
tion of  0.000194  square  centimeter  ignited  gas  in  50  per  oent  of  the 
trials;  and  filaments  having  a  cross  section  of  0.000215  square  centi- 
meter ignited  gas  in  83  per  cent  of  the  trials.    It  is  true  that  a  similar 

•  See  table  4,  32-candlepower,  55-volt  lamps ;  100-watt,  S5-volt  lampn ;  and  120-wmU; 
55-Tolt  lamps. 

*  See  deflnltlon  on  p.  7. 

«  These  measurements  were  made  with  a  microscope  by  Belnhardt  Thlessen*  assistant 
chemist  of  the  Bureau  of  Mines.  Three  sets  of  readings  were  taken,  one  with  a  microme- 
ter eyepiece  and  two  with  a  camera  ludda. 
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rehiticHi  existed  between  the  current  flowing  in  the  filaments  and  the 
percentage  of  ignitions  that  they  ga^e,  but  the  authors  do  not  regard 
this  relation  as  significant,  because  they  believe  that  the  spark  that 
is  drawn  when  a  filament  is  broken  is  not  responsible  for  the  ignition 
of  gas. 

If  the  bulb  of  a  glowing  incandescent  lamp  is  smashed  while  sur- 
rounded by  an  explosive  mixture,  and  if  the  filament  is  not  broken 
by  tl\e  jar  of  the  blow,  the  filament  is  first  cooled  by  the  inrushing 
mixture  and  then  broken  by  it.  Of  course  the  cooling  and  the  break- 
ing are  almost  simultaneous,  but  the  authors  believe  that  ignition,  if  it 
occurs,  takes  place  during  the  period  of  cooling  and  before  the  fila- 
ment is  broken. 

If  this  hypothesis  is  correct,  there  are  two  reasons  why  large  fila- 
ments ignite  gas  more  readily  than  smaller  ones :  First,  the  temper- 
ature of  the  larger  filaments  will  not  be  so  greatly  reduced  before 
they  are  broken ;  and,  second,  tlie  larger  filaments  will  not  so  quickly 
succumb  to  the  breaking  action  of  the  inrushing  gas. 

The  authors  are  not  yet  certain  whether  the  ignition  of  gas  by 
standard  tungsten  lamps  is  caused  by  the  normal  heat  of  the  filaments 
or  by  abnormal  temperatures  resulting  from  a  short  circuit  of  the 
filament. 

It  is  probable  that  miniature  lamps  ignite  gas  by  virtue  of  their 
glowing  filaments,  as  the  sparks  produced  when  the  filaments  are 
broken  are  small,  and  in  many  tests  the  filaments  were  observed  to 
glow  after  ignition  had  taken  place. 

SUMMARY  OF  DEDUCTIONS. 

The  investigation  showed  that  the  naked  filaments  of  all  standard 
lamps,  energized  at  rated  voltage,  will  ignite  gas  (the  explosive  gase- 
oQs  mixture  used) ;  that  aU  classes  of  standard  carbon  lamps  will 
sometimes  ignite  gas  when  the  tips  of  the  bulbs  are  broken  off  in  the 
presence  of  those  mixtures;  that  the  filament  temperature  of  all 
classes  of  standard  lamps  and  of  aU  but  one  class  of  miniature 
lamps  can  be  increased  to  such  a  degree  that  the  lamps  when 
smashed  will  ignite  gas;  that  several  classes  of  both  standard  and 
miniature  lamps  when  smashed  while  burning  at  rated  voltage  will 
invariably  ignite  gas;  that  certain  other  classes  of  both  standard  and 
miniature  lamps  under  the  circumstances  last  mentioned  will  not 
usually  ignite  gas. 

Based  upon  the  results  of  the  investigation,  the  table  following 
gives  deductions  as  to  the  probability  of  igniting  gas  by  each  class  of 
lamp  examined. 
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Table  7. — Probability  of  gas  iffn^Um  at  rated  voltage  by  each  ciass  of  lampi 

tested.^ 


Claasiflcation  of  lamp. 

Condition  of  lamp. 

Bise. 

Character 
offUament. 

Approxi- 
mate 

candle- 
power. 

Approxi- 
mate 
voltage. 

Ignition  of  gaa. 

Standard... 
Do 

Carbon 

.  •  .do*  ■  •  •  ■• 

60 
32 
60 
60 
16 
32 

8 
16 
82 
16 

8 

8 
60 
82 
60 
60 
16 
32 

8 
32 
16 

8 
16 

8 
20 
20 
20 
20 

2.0 

1.5 

1.0 
.6 

65 

65 
110 
220 

66 
110 

66 
110 

2ao 

220 
110 

2ao 

66 

66 
110 
220 

66 
110 

65 
220 
110 
110 
220 
220 
110 
220 
110 
220 
4-6 

2-2.6 
l.fr-2 

Bolb  completdy  smasheda . . 
do 

Certain. 
Do. 

Do 

.  ..dOa  «  ■  •  •• 

do 

Almoat  certain. 

Do 

.  •  (dOa  a  •  ■  •• 

do 

Do. 

Do 

.  •  .dO«  a  •  •  •• 

do 

Do. 

Do 

.  • cdOa • a .  •  • 

dOaa, 

Frequenta 
Occasional. 

Do 

.  a  ado  a  a  a  a  a. 

do 

Do 

.  a  a  do  a  a  a  a  a  • 

do 

Do. 

Do 

...do 

do 

Rare. 

Do 

..ado.  ..a  a   a 

do 

Do. 

Do 

...do 

do 

Do. 

Do 

...do 

do 

Unlikely.* 

Do 

...do.  a.  a  a. 

Tip  of  bulb  broken  off. 

.....do 

Almost  oertalzL 

Do 

.a  ado  a  a  aaa. 

Do. 

Do 

.a  ado  a  .  .... 

do 

FrMuent. 

Do 

a  a  ado  a  a  a  a  aa 

do 

Do 

.  a  .  do  a  a  a  a  a  . 

do 

Do. 

Do 

.aadOaaa  a  a. 

do 

Do. 

Do 

•  a  ado  a  a  aaa. 

do 

Do. 

Do 

a  a  ado  a  a  a  a  aa 

do 

Oooaaional. 

Do 

...  do  a  a  a  a  a  . 

do 

Do. 

Do 

..  ado.  a  a  a  aa 

do 

Do. 

Do 

. a  ado a  aaa.. 

do 

Do. 

Do 

.  .  .  do  .  a  a  a  a  . 

do 

Do. 

Do 

Do 

Tungsten. 

...  do  .  a  a  a  a  a 

Bulb  completely  amaafaed. . . 
...i.do 

Almost  certaliL 
Frequont. 

Do 

•  a  -do.  a  a  a  a. 

Tip  of  bolb  broken  ofla 

.....do 

Do 

.  .  .do.  a  a  a  a. 

Unlikely.fr 

Miniature . . 

Do 

Do 

...do 

.a. do 

...do 

Bulb  completely  amaabeda . . 

do 

do 

do 

Certain. 
Almost  certain. 
Frequent. 
UnlAraly. 

Do 

..ado 

a  The  results  of  tests  of  the  miniature  carbon-fllament  lamps  are  not  included  in  this  table  beoaoae  tlioM 
lamps  were  rated  in  voltage  only  and  hence  their  behavior  could  not  be  used  aa  a  atandard  of  compariaim. 
5  No  ignitions  were  obtained  m  any  of  the  teats  of  this  lamp  made  under  the  conditioii  stated. 
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PREFACE. 


Apart  from  the  fuel  and  metal-mining  industries  of  the  United 
States,  no  one  of  the  various  branches  of  mineral  technology  is  more 
important  to  our  domestic  economy  than  are  the  ceramic  arts.  Aside 
from  the  manufacture  of  crockery,  household  china,  and  bric-a-brac, 
the  development  of  the  white-ware  industry  with  reference  to  the 
production  of  plumbers'  sundries,  tile,  and  faced  brick  is  of  the 
utmost  importance  to  the  country.  Its  development  will  have  an 
increasing  influence  on  fireproof  construction  and  proper  sanitation, 
and  therefore  will  lessen  our  unparalleled  fire  losses  and  help  con- 
serve the  public  health. 

According  to  statistics  compiled  by  the  United  States  Bureau  of 
Foreign  and  Domestic  Commerce,  there  were  imported  into  the  United 
States  during  the  12  months  ending  June  30,  1912,  china  and  por- 
celain valued  at  $9,515,851.  In  addition,  235,438  tons  of  kaolin  or 
China  clay  were  brought  in  to  be  manufactured  into  various  forms 
of  white  ware.  This  kaolin  displaced  a  like  amount  of  domestic  raw 
material,  which,  if  properly  handled,  has  no  superior. 

The  kaolin,  feldspar,  and  quartz  industry  of  the  United  States  is 
one  of  small  operators,  few  of  the  mines  being  on  a  scale  that  warrants 
the  employment  of  expert  technical  control.  The  extensive  reduction 
of  existing  waste,  the  preparation  of  a  standard  product,  and  the 
marketing  of  guaranteed  material  become  possible  only  when  the 
losses  are  understood  and  the  just  requirements  of  the  purchaser  are 
realized.  This  bulletin  has  to  do  with  the  pnmary  source  of  ma- 
terial used  in  the  manufacture  of  white  ware,  and  especially  with  this 
material  as  it  occurs  in  the  southern  Appalachian  region. 

Investigations  of  kaolin,  feldspar,  and  quartz  were  undertaken  by 
the  Bureau  of  Mines  with  the  following  objects  in  view: 

(a)  To  discover  the  wastes  and  the  possible  by-products  incident 
to  production  and  point  out  methods  for  their  recovery; 

(I)  To  encourage  efficiency  in  mining  and  treatment,  with  the  hope 
of  enlarging  the  output  and  of  increasing  the  quality  and  uniformity 
of  the  product; 

(c)  To  study  the  hazards  of  the  industry,  both  as  regards  accident 
riika  and  health  conditions; 
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(d)  To  determine  by  actual  tests  the  physical  constants  and  the 
general  classification  of  the  material  from  the  various  working 
deposits; 

(e)  To  study  the  influence  of  impurities  and  to  outline  the  precau- 
tions necessary  in  order  to  obtain  from  the  crude  material  the  highest 
possible  grade  of  product. 

Among  other  conclusions,  Mr.  Watts  indicates  that  the  raw  ma- 
terial from  the  region  studied  has  no  superior  for  color,  but  that 
there  is  great  need  of  some  central  depot  at  which  the  output  of 
many  small  mines  may  be  mixed  and  graded  under  the  superrision 
of  a  trained  ceramic  chemist.  Such  control  would  insure  the  manu- 
facturer receiving  a  product  of  known  physical  constants  and  would 
also  insure  a  constant  and  ready  market  for  the  product.  Mr.  Watts 
has  further  called  attention  to  the  large  quantities  of  first-quality 
kaolin  now  thrown  away  in  mica  mining;  to  the  loss,  in  washing 
kaolin,  of  many  tons  of  valuable  flake  mica  that  might  be  easily 
recovered;  to  ocher  of  excellent  quality  not  now  utilized;  and  to  the 
fact  that  there  is  exposed  on  the  dumps  and  worked-out  dikes  at 
least  200,000  tons  of  semikaolinized  feldspar  which,  under  proper 
technical  control,  might  easily  be  utilized  by  potters. 

The  bureau's  investigations  have  already  progressed  far  enough  to 
show  that  there  can  be  no  doubt  of  the  United  States  being  fully  able 
to  supply  nearly  all  of  the  kaolin  required  for  domestic  consumption 
and  that  in  quality  the  kaolin  now  available  in  the  Appalachian 
region  is  exceUed  by  none. 

Charles  L.  Pabsons, 

Chief  y  Division  of  Mineral  Technology. 


MimNG  AND  TREATMENT  OF  FELDSPAR  AND  KAOLIN 
n  THE  SOUTHERN  APPAUCHIAN  REGION. 


By  A.  S.  Watts. 


INTRODUCTION. 

Throughout  the  Appalachian  Mountains  there  are  dikes  of  coarse 
granite  or  pegmatite,  which  were  intruded  into  other  rocks.  These 
pegmatite  dikes  contain  feldspar,  quartz,  white  mica  (muscovite), 
black  mica  (biotite),  and  other  minerals,  such  as  beryl,  garnet,  and 
tourmaline.  The  investigation  here  reported  has  to  do  only  with 
the  dikes  of  the  southern  Appalachian  region,  in  which  the  abundance 
of  each  mineral  is  as  in  the  order  given  above. 

The  pegmatites  of  this  r^on  are  in  every  stage  of  alteration  from 
those  in  which  the  feldspar  is  fresh  to  those  in  which  the  feldspar 
has  decomposed  to  kaolin.  The  muscovite  (white  mica)  shows  no 
evidence  of  alteration,  although  most  of  the  other  associated  minerals 
show  trsLces  of  disintegration  where  the  feldspar  is  completely  kao- 
Unized.  At  many  places  mining  for  mica  has  been  done  in  dikes  in 
which  the  feldspar  is  completely  kaolinized,  though  the  only  evi- 
dences of  disintegration  in  the  mica  are  clay  stains  which  are  some- 
times noted  between  the  outside  laminsB. 

Mining  in  these  pegmatite  dikes  antedates  history,  traces  of  prehis- 
toric workings  and  some  crude  mining  implements  of  stone  having 
been  unearthed  by  recent  operations.  The  prehistoric  mining  is 
generally  supposed  to  have  been  for  mica,  although  investigations 
fail  to  s^ow  that  the  aborigines  put  the  mica  obtained  to  any  par- 
ticular use  except  for  ornaments,  a  few  mica  ornaments  having  been 
found  in  mounds  in  this  r^on. 

The  search  for  kaolin  or  semikaolinized  feldspar  is  a  plausible  ex- 
planation of  these  prehistoric  workings;  all  of  them  were  in  pegmatite 
that  is  more  or  less  altered,  and  seemingly  stopped  only  when  the 
pegmatite  became  too  hard  to  permit  working  with  crude  stone  im- 
plements. The  dumps  do  not  represent  the  amoxmt  of  material  that 
one  would  expect,  from  their  extent,  the  workings  to  have  produced. 
The  kaolin  obtained  was  doubtless  conveyed  to  the  coast  and  sold 
to  English  traders  for  use  in  the  manufacture  of  some  of  the  early 
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English  porcelains.  Mention  is  made  of  this  fact  in  various  English 
records.  An  important  fact  bearing  on  this  hypothesis  is  the  recording, 
on  December  6,  1744^  of  an  application  for  an  English  patent  for  the 
production  of  porcelain  from  an  earthy  mixture  produced  by  the 
Cherokee  Nation  in  America.  This  was  to  be  mixed  with  a  frit 
formed  by  melting  together  sand  and  potash.^  The  earthy  mixture 
was  known  as  '^unaker"  by  the  Cherokee  Indians,  and  doubtless 
derived  its  name  from  the  Unaka  Moxmtains  which  bound  North 
Carolina  on  the  northwest  and  in  the  foothills  of  which  these  pegmar- 
tite  dikes  occur  in  large  numbers.  The  reference  to  this  material  as 
a  mixture  precludes  the  possibility  of  its  being  a  pure  kaolin,  as  pure 
white  clay  was  known  to  the  English  prior  to  1744;  it  was  probably 
a  mixture  of  kaolin,  feldspar,  and  quartz,  which  are  the  products  of 
all  these  altered  dikes. 

Modem  working  of  these  dikes  for  mica  began  in  1867  in  Jackson 
and  Haywood  Counties,  and  a  short  time  later  the  mines  in  Yancey 
and  Mitchell  Coimties  were  opened.  The  modem  working  of  these 
dikes  for  kaolin  did  not  begin  until  about  1888,  when  kaolin  mines 
near  Webster,  Jackson  Coxmty,  N.  C,  were  opened. 

In  mining  for  mica  in  these  dikes  little  or  no  attention  has  been 
given  to  the  preservation  or  utilization  of  the  associated  materials, 
and  likewise  in  mining  for  kaolin  little  or  no  attention  has  been  given 
to  saving  the  mica  except  where  it  occurs  in  lai^e  blocks.  Mica 
mines  throughout  this  district  are  surrounded  by  dumps  of  dike 
material,  many  of  which  contain  thousands  of  tons.  The  kaolin  in 
these  dumps  is  practically  valueless  because  it  is  so  mixed  with  wall 
rock  that  its  separation  is  impossible.  Where  the  dike  material  is 
unaltered,  it  is  in  most  cases  broken  into  small  fragments  and  so 
mixed  with  associated  wall  rock  that  only  by  tedious  hand  sorting 
can  the  feldspar  be  separated. 

Early  mining  in  these  dikes  was  practically  all  of  the  ''gopher''  or 
^'ground-hog"  type,  a  low,  narrow  timnel  being  driven  in  the  mica- 
bearing  band  in  the  pegmatite  dike.  Where  the  mica  is  abundant 
the  tunnel  is  widened  and  a  room  is  cut  out  to  enable  the  miners  to 
remove  all  the  mica  at  hand.  When  the  pocket  is  worked  out  the 
narrow  timnel  is  continued  along  the  strike  of  the  dike.  The  miner 
brings  to  the  surface  only  as  much  of  the  dike  material  as  is  necessary 
in  order  to  leave  a  passage  through  which  he  may  crawl.  Once  a 
room  is  worked  out  it  is  immediately  packed  full  of  the  dike  material 
removed  in  continuing  the  timnel,  and  the  wall  rock  or  any  pocket 
of  stained  kaolin  encoxmtered  is  thus  mixed  with  what  is  otherwise 
valuable  material  and  the  whole  is  rendered  worthless.  If  the  mine 
is  in  imaltered  pegmatite  the  miners  generally  fill  these  rooms  with  a 

a  Burton,  PoroeUdn;  its  naturei  art,  and  wannfiiotqre,  p.  233. 
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mixture  of  material  from  the  walls  and  the  dike.  To  reopen  these 
mines  and  recover  the  material  filling  these  rooms,  and  to  sort  the 
material  thus  obtained,  would  doubtless  prove  a  more  expensive 
operation  than  to  mine  the  material  from  undisturbed  deposits. 

Even  to-day  in  recently  operated  mica  mines  in  this  district  no  care 
is  being  taken  of  the  dike  material  and  much  valuable  kaolin  and 
feldspar  is  being  lost. 

If  the  dikiD  material  is  properly  sorted  when  mined,  the  cost  of 
operating  is  only  slightly  increased  and  the  full  value  of  the  material 
can  be  realized. 

Lack  of  a  market  is  given  as  a  reason  for  the  neglect  of  the  dike 
material.  The  importance  of  commercial  kaolin-washing  plants 
and  feldspar-grinding  plants  is  thus  evident. 

With  a  cost  of  from  S2  to  S3  per  ton  for  washing  kaolin  and  a 
selling  price  of  S9  to  SIO  per  ton,  it  seems  plausible  that  in  the  dis- 
tricts where  mica  is  mined  a  price  could  be  paid  for  crude  kaolin, 
based  on  the  actual  kaolin  content,  that  would  encourage  the  mica 
miner  to  remove  the  kaolinized  dike  material  with  care  and  to 
deliver  it  later  to  the  washing  plant. 

The  same  is  true  of  many  of  the  mica  mines  in  unaltered  pegma- 
tite. The  cost  for  crushing  and  pulverizing  feldspar  should  not 
exceed  $3  per  ton,  and  with  the  ground  potash-feldspar  and  mixed 
feldspars  selling  at  S8  to  S12  per  ton  a  miner  should  receive  enough 
for  crude  feldspar  to  pay  a  large  proportion  of  the  cost  of  mining. 
He  probably  could  pay  the  cost  of  operating  the  mine  from  sales  of 
crude  feldspar  or  kaolin,  so  that  the  mica  would  be  obtained  without 
cost  and  hence  be  pure  profit.  Thus  mica  mining  could  be  made 
a  safe  instead  of  an  uncertain  and  unsatisfactory  business.  Even 
thou^  the  feldspar  is  albite  (soda  feldspar)  it  should  have  a  value 
of  S5  to  $8  per  ton  when  ground. 

Some  pegmatite  dikes  are  of  such  low  feldspar  content  as  to  be 
valueless  or  are  so  located  that  the  cost  of  hauling  is  prohibitive, 
but  these  are  the  exceptions  rather  than  the  rule. 

With  the  establishment  of  pottery  and  kindred  ceramic  industries 
in  the  South  the  dike  products  wiU  become  more  easily  marketable 
and  their  use  wiU  make  possible  a  grade  of  ware  not  approachable 
by  the  use  of  even  the  finest  foreign  materials. 

AREA  INVESTIGATED. 

The  extent  of  the  area  investigated  is  shown  approximately  by 
Plate  I. 

Starting  at  Rome,  Floyd  County,  Ga.,  and  Dallas,  Paulding  Coimty, 
Gra.,  as  the  southwest  extremes,  the  belt  of  dikes  producing  feldspar, 
kaolin,  and  quartz  follows  a  general  northeast  direction,  but  does 
not  become  of  conuuercial  importance  until  the  northeast  slopes  of 
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the  Nantahala  Mountains  are  reached.  The  dike  belt  here  broadens 
and  covers  the  territory  from  Clayton,  Rabun  County,  Ga.,  to  Bry- 
son,  Swain  County,  N.  C.  Here  the  first  kaolin  mining  in  the  belt 
was  done.  The  belt  narrows  gradually  until  it  reaches  Waynesville, 
Haywood  County,  N.  C.  Northeast  of  this  point  there  are  few 
dikes  until  Bumsville,  Yancey  County,  N.  C,  is  reached.  Here  the 
belt  widens  to  about  20  mUes  and  includes  the  Sprucepine  (PI.  11), 
Penland,  and  Bakersville  districts  where  operations  are  now  ex- 
tensive. Northeast  of  this  district  the  dikes  are  less  altered,  only 
one  dike  of  kaolin  of  any  value  beiog  found  until  the  Virginia  line 
is  crossed.  Beyond  this  line  the  dikes  are  scarce  and  of  little  value 
until  Bedford  Coimty,  Va.,  is  reached,  where  several  important 
dikes  produce  both  kaolin  and  feldspar.  The  investigation  ended  at 
Lynchburg,  Va.  

THE  OOWBE  DI8TBI0T. 

The  Cowee  district  (PL  III)  lies  northeast  of  the  Nantahala 
Mountains  and  covers  Macon,  Jackson,  and  Swain  Counties  and  a 
small  part  of  Haywood  County,  N.  C.  The  dikes  here  are  very 
numerous  and  most  of  them  are  in  an  advanced  state  of  kaoliniza- 
tion.  In  Macon  County  sixteen  separate  samples  of  kaolin,  three 
samples  of  semikaolinized  feldspar,  and  five  feldspar  samples  were 
taken.  In  Jackson  Coimty  eleven  kaoliti  samples,  three  semikaolin- 
ized-feldspar  samples,  and  three  feldspar  samples  were  taken.  In 
Swain  Coimty  six  kaolin  samples  and  one  semikaolinized-feldspar 
sample  were  taken.  In  Haywood  (!k)unty  five  kaolin  samples  were 
taken.  

THE  1COT7NT  KTOCHBLL  DISTRICT. 

The  Moimt  Mitchell  district  includes  Yancey,  Mitchell,  and  Avery 
Counties.  Here  the  dikes  are  in  all  stages  of  kaolinization.  In 
Yancey  Coimty  five  kaolin  samples  and  two  feldspar  samples  were 
taken.  In  Mitchell  County  eleven  kaolin  samples,  two  semikaolinized- 
feldspar  samples  and  eight  feldspar  samples  were  taken.  In  Avery 
(bounty  two  kaolin  samples  and  three  feldspar  samples  were  taken. 

Other  mines  or  prospects  outside  these  centers  were  studied,  but 
most  of  them  may  be  considered  unimportant,  although  a  few  of 
the  isolated  dikes  might  be  operated  to  advantage. 

PEGMATITE  DIKES. 
OOCTTBBBNCB. 

The  materials  investigated  are  associated  with  or  form  a  part  of 
a  coarse  granite,  or  pegmatite,  which  occurs  throughout  the  Appa- 
lachian Mountains. 

A  discussion  of  the  origin  and  geologic  occurrence  of  the  dikes 
does  not  properly  belong  in  this  treatise.    However,  geologists  agree 
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that  within  the  area  covered  by  this  investigation  the  pegmatites 
exist  as  dikes  intruded  into  other  rocks,  probably  in  the  fluid  state, 
and,  because  the  intrusion  naturally  occurred  along  the  planes  most 
easily  fractured,  the  dikes  lack  uniformity  in  both  direction  and 
8i«-  They  are  lenwhaped,  often  pinching  out  within  a  few  yards 
from  a  mass  many  yards  wide  to  one  only  a  few  inches  wide.  The 
same  is  true  of  the  perpendicular  dimensions,  although  not  to  so 
pronounced  a  degree. 

The  majority  of  the  dikes  studied  have  high  dips,  65  to  80  degrees. 
The  general  dkection  of  the  dikes  is  northeast,  but  many  of  the  large 
dikes  appear  to  strike  due  north  or  due  east. 

The  entire  area  covered  by  this  investigation  is  rough  and  moun- 
taiQous,  the  level  areas  being  confined  to  narrow  river  valleys  and  a 
few  small  plateaus.  Most  of  the  dikes  now  worked  are  well  up  on 
the  mountain  sides  and  some  workable  dikes  have  been  found  in 
the  crests  of  mountains.  Similar  dikes  are  found,  however,  as  low 
as  the  level  of  the  river  beds  and  are  apparently  no  more  advanced 
in  kaoUnization  than  are  those  at  higher  levels. 

Every  dike  studied  is  intruded  into  a  micaceous  gneiss.  This 
gneiss  seems  to  have  withstood  weathering  about  as  well  as'  the  in- 
truded material,  the  wall  rock  being  disintegrated  about  the  same 
degree  as  the  dike  where  kaoUnization  has  occurred. 

CONBTTOUBNTS. 

The  pegmatite  of  these  dikes  consists  of  feldspar  and  quartz  in 
more  or  less  intimate  mixture,  the  rock  varying  in  texture  from  fine- 
grained granite  to  intermingled  masses  of  pure  feldspar  and  pure 
quartz.  In  no  case,  however,  has  either  mineral  been  found  alone 
and  the  ratio  of  quartz  to  feldspar  seems  reasonably  constant. 
Associated  with  the  quartz  and  feldspar  are  mica  (both  muscovite 
and  biotite),  garnet,  beryl,  tourmaline,  and  small  quantities  of  other 
minerals. 

STBTTOTUKE. 

The  structure  of  some  dikes  is  peculiar  and  leads  one  to  believe 
that  they  may  represent  a  series  of  intrusions. 

Because  of  their  irregular  structure  and  the  indistinctness  of  the 
walls,  some  very  wide  dikes  can  hardly  be  recognized  as  such.  Such 
rock  masses  are  undoubtedly  great  lenses  formed  at  favorable  posi- 
tions along  the  strike  of  a  dike.  A  fact  worth  noting  in  connection 
with  these  great  lenses  is  that  they  are  uniformly  lower  in  feldspar 
and  kaolin  than  are  the  better-defined  and  narrower  dikes.  A 
typical  expanded-lens  formation  is  shown  in  A,  Plate  IV.    A  section 

•  Bwttai,  £.  S.,  Feldspar  deposits  of  ttie  United  BUtes:  U.  8.  QeoL  Snrv.  BaU.  420, 1910,  p.  la 
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of  a  typical  dike  of  the  region  studied  is  shown  in  figure  1,  and  a  view 
of  a  dike  in  5,  Plate  IV. 

The  material  adjoining  the  hanging  wall  is  nearly  always  quartz 
in  a  distinct  band  which  may  be  a  few  inches  or  several  feet  thick. 
Next  this  quartz  there  is  generally  either  a  feldspar-rich  pegmatite 
or  a  narrow  band  of  feldspar-lean  pegmatite  carrying  garnet,  tour- 
maline; and  other  minerals.  Adjoining  this  pegmatite  is  found  the 
massive  feldspar  if  such  a  band  occurs  in  the  dike.  Adjoining  the 
massive  feldspar,  if  such  occurs,  one  may  expect  to  find  a  narrow 
band  of  massive  quartz,  or  isolated  lenses  of  quartz.    Adjoining  this 

^§  MineRJ-bearing  pegmatite 
g^  Pegmatite  rich  in  feldspar 

^^  Massive  feldspar 

g^  Miscellaneous  pegmatites 

gg  Quartz 
[X]Mica 


FiouBB  1.— VerUcal  section  of  a  typical  pegmatite  dike. 

are  two  or  more  bands  of  pegmatite,  each  band  beii^  distinct  in  size 
of  grain  and  in  percentages  of  quartz  content  and  impurity.  Gen- 
erally these  are  next  the  quartz  band  along  the  wall.  The  mica 
generally  occurs  between  the  last  pegmatite  band  and  the  quartz 
band,  although  it  is  not  unconmionly  found  between  the  feldspar  and 
pegmatite  along  the  hanging  wall.  In  fact  the  ndca  is  rarely  foimd 
continuously  between  any  two  given  bands,  and  although  the  general 
position  of  the  mica-bearing  band  rarely  changes  from  one  wall  to 
the  other  in  any  one  dike,  the  irregularity  of  the  band  makes  mica 
mining  an  uncertain  business. 
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Oxide  of  iron  occurs  as  a  staia  in  infiltrated  surface  clay,  and  id 
often  80  securely  set  in  the  crevices  of  broken  bands  that  no  amount 
of  washing  will  remove  it.  Fortunately  it  seldom  penetrates  more 
than  a  few  yards.  Where  a  dike  has  kaolinized  to  any  extent  there 
occur  pockets  of  iron-stained  sand  and  inclosed  lenses  of  iron-bearing 
micaceous  gneiss  which  is  altered  to  the  same  extent  as  the  pegmatite 
and  must  be  removed  with  great  care,  as  it  is  exceedmgly  fnable  and 
its  finely  divided  iron  oxide  content  has  enormous  coloring  power. 

Garnets  are  rarely  foimd  as  the  sole  impurity  in  pegmatite.  With 
them  are  generally  associated  mica,  either  muscovite  or  biotite  or 
both,  and  often  beryl  and  tourmaline.  Garnets  are  rare  in  the 
feldspar-rich  bands,  but  are  more  plentiful  in  bands  that  are  made 
up  of  quartz  and  mica.  Many  dikes  that  are  rather  low  in  feldspar 
would  present  industrial  possibilities  were  it  not  for  the  iron  garnets 
and  the  fine  biotite  mica  that  they  carry.  Beryl,  on  the  other  hand, 
is  found  almost  entirely  in  those  bands  high  in  feldspar  and  low  in 
quartz.  Tourmaline,  like  beryl,  is  most  abundant  in  the  feldspar- 
rich  bands.  Manganese  and  cobalt  as  earthy  oxides,  generally  wad, 
are  associated  with  most  of  the  dikes  studied. 

The  quartz  band  that  adjoins  the  hanging  wall  or  footwall  in 
most  of  the  dikes  is  broken,  apparently  from  cooling  strains,  and 
m  the  crevices  thus  formed  occur  the  deposits  of  wad  referred  to 
above.  The  wad  is  brown  or  black,  either  powdery  material  loosely 
filling  the  crevices  or  nodules  adhering  to  the  quartz.  Only  in  two 
instances  was  this  material  found  intermixed  with  feldspar  or  kaolin. 
At  one  point  in  Macon  County,  N.  C,  a  few  nodules  of  wad  were 
found  in  the  kaolin  bed,  and  in  the  Isinglass  Hill  kaolin  mine  these 
nodules  are  common. 

Cassiterite  (oxide  of  tin)  is  found  associated  with  a  kaolinized 
pegmatite  dike  at  Lincolnton,  Lincoln  County,  N.  C,  but  this  dike 
and  the  Isinglass  HQl  mine  lie  outside  the  district  directly  under 
investigation,  both  being  south  of  the  Blue  Ridge  Mountains.  How- 
ever, their  occurrence  and  structure  are  so  similar  to  those  of  the 
dikes  being  studied  that  it  seems  permissible  to  mention  them  here. 

With  the  exception  of  the  cassiterite  and  the  wad  in  nodular  form 
disseminated  throughout  the  dike,  the  minerals  mentioned  above 
are  common  to  every  pegmatite  dike  studied  and  the  problem  of 
their  removal  or  utilization  confronts  every  present  or  prospective 
operator. 

80421'— Bull.  58—13 2 
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KAOUNIZATION. 


The  term  kaolinization  is  used  to  signify  the  process  of  decomposi- 
tion of  feldspars  and  the  recombination  of  some  of  the  decomposition 
products  to  form  kaolin.    The  process  is  as  follows: 


Kaolinization. 


By  motoeolM. 

By  weight. 
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We  thus  see  that  of  100  parts  of  potash  feldspar  decomposed,  17 
parts  of  potash  are  lost  by  solution  and  43  parts  of  silica  and  46.44 
parts  of  kaolin  remain;  the  kaolin  is  made  up  of  40  parts  obtained 
from  the  feldspar  (18.4  of  alumina,  and  21.6  of  silica)  plus  6.44  parts 
water  of  combination  absorbed.  The  total  of  the  infioluble  products 
(plus  the  water  of  combination)  is  89.44  per  cent  of  the  feldspar 
decomposed.  A  bed  of  residual  kaolin  (kaolinized  feldspar)  should 
therefore  contain  (minus  the  potash  and  plus  the  water  of  combina- 
tion in  the  kaolin  formed)  51.92  per  cent  kaolin  and  48.08  per  cent 
free  silica. 

This  is  on  the  assumption  that  the  deposit  is  pure  feldspar,  but  such 
an  assumption  is  rarely  true.  In  the  area  investigated  the  feldspars 
of  the  pegmatites  are  mixed  with  varying  amounts  of  quartz.  Other 
minerals  are  also  present  in  small  quantities,  so  Uiat  to  find  a  kaolin- 
ized dike  averaging  40  per  cent  piu-e  kaolin  is  exceptional. 

It  rarely  happens  that  the  kaolin  and  quartz  products  of  the  feldspar 
disintegration  are  evenly  distributed  throug}iout  the  residual  deposit. 
The  tendency  seems  to  be  for  the  kaolin  to  filter  down  through  the 
quartz  particles  until  it  has  formed  a  compact  mass  where  it  packs 
together  into  a  bed  that  may  run  92  to  93  per  cent  kaolin.  Below  this 
bed  in  the  decomposed  dike  lies  another  stratum  of  quartz  sand  which 
with  depth  becomes  progressively  richer  in  kaolin  until  another  bed 
of  nearly  pure  kaolin  is  encountered. 

The  extent  of  this  process  of  disintegration  and  concentration  varies 
in  different  dikes  and  in  different  localities,  but  the  process  is  more  or 
less  evident  in  every  dike  studied. 

As  the  extent  to  which  kaolinization  by  weathering  has  progressed 
in  the  dikes  examined  varies  inversely  with  the  depth,  it  is  not  sur- 
prising to  note  that  the  plasticity  of  the  kaolin  decreases  with  the 
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depth  of  a  dike  until  the  proportion  of  semikaolinized  material  be- 
Gonies  8o  great  that  deeper  mining  for  kaolin  is  unpractical.  This 
semikaolimzed  material,  if  deyoid  of  plasticity,  acts  like  feldspar  or 
quartz  sand  in  the  washing  process  and  may  all  be  removed  by  the 
mka  troughs  and  screens. 

The  depth  at  which  this  nonplastic  material  becomes  noticeable  in 
the  dikes  studied  can  be  roughly  set  down  at  40  to  45  feet,  although  the 
richest  and  apparently  most  plastic  kaolin  is  always  found  when  the 
present  water  level  is  reached.  It  is  doubtful  if  tJods  kaolin  is  really 
more  plastic  than  the  rich  pockets  met  at  higher  levels,  but  it  appears 
so  owing  to  the  excess  of  water  that  it  carries.  In  some  dikes  the 
kftohn  content  of  a  decomposed  dike  steadily  increases  until  water 
level  is  reached,  and  in  such  cases  the  deposit  at  that  point  is  very  rich. 

The  feldspar  in  the  dikes  is  in  all  stages  of  decomposition,  from 
fredi  feldspar  to  perfect  kaolin.  The  present  topographic  location 
seems  to  be  no  guide  in  determining  the  extent  to  which  the  kaolini- 
zation  of  a  dike  has  progressed.  Fresh  feldspar  and  completely 
kaolinised  feldspar  lie  almost  side  by  side  and  at  the  same  elevation. 
On  Tremont  Mountain,  Macon  County,  N.  C,  fresh  feldspar  and 
kaolin  deposits  are  only  a  few  hundred  feet  apart  at  the  same  level. 
The  two  dikes  are  identical  in  structure,  each  having  a  vertical  horse 
of  pure  quartz  in  the  center,  and  narrow  veins  of  micarbearing  peg- 
matite along  the  hanging  and  foot  walls.  At  Penland,  Mitchell 
County,  N.  C,  a  dike  in  an  advanced  state  of  kaolinization  is  being 
worked  for  kaolin,  and  60  yards  distant  a  dike  containing  fresh  feld- 
spar is  being  worked.  In  this  case,  however,  the  kaolin  deposit  is 
not  well  defined  and  appears  to  have  been  disturbed  by  a  slide, 
whereas  the  fresh  feldspar  is  in  a  well-defined  dike.  Near  Jasper, 
Pickens  Oounty,  Ga.,  a  kaolinized  dike  follows  the  crest  of  a  low 
ridge,  while  100  yards  distant  and  50  feet  lower  is  a  dike  with  fresh 
feldspar. 

Many  other  similarly  associated  dikes  of  feldspar  and  kaolin  are 
mentioned  in  the  description  of  the  mines  and  prospects  investigated. 

PROSPECTING  AND  SAMPUNO. 

psosFBcnxro  fob  vxldspab  aud  quabtz. 

Prospecting  for  feldspar  and  quartz  is  necessarily  done  either  by 
open  cuts  or  tunnels.  The  country  rock  is  generally  no  more  disin- 
tegrated than  the  pegmatite,  so  that  the  auger  is  usdess.  Wherever 
the  p^matite  is  rich  enough  in  feldspar  to  justify  mining,  there  are 
likely  to  be  outcropping  bands  of  quartz  in  place  by  which  the  pres- 
ence and  the  direction  of  the  dike  are  indicated.  The  first  task, 
therefore,  if  the  overburden  is  light,  is  to  dig  a  trench  exposing  the 
full  width  of  the  dike. 
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The  iron  stains  caused  by  infiltration  from  the  overburden  may 
extend  several  feet  into  the  deposit  and  necessitate  the  removal  of  a 
considerable  amoimt  of  the  surface  of  the  dike  before  satisfactory 
samples  can  be  taken. 

In  determining  the  extent  of  the  dike  it  is  necessary  to  run  cuts 
across  the  strike  at  intervals.  The  surface  of  the  dike  should  be 
removed  at  least  until  fresh  feldspar  is  exposed  and  each  of  the 
various  bands  should  be  measured  and  sampled  across  its  entire  face. 

If  these  cuts  are  made  at  50-foot  intervals  and  the  various  bands 
occur  in  the  same  order  and  are  approximately  the  same  size  there 
is  little  need  of  testing  at  shorter  intervals,  but  if  any  irregularity 
occims  it  is  wise  to  reduce  the  distances  between  trenches  to  not 
more  than  25  feet. 

The  trenches  can  in  most  cases  be  cut  by  plow  and  the  material 
removed  by  scraper,  although  some  hand  labor  is  always  necessary. 

YHiere  the  overburden  is  so  heavy  as  to  render  its  removal  im- 
practical, the  driving  of  a  "tunnel"  adit  or  crosscut  may  be  neces- 
sary. This  work  is  not  different  from  that  of  driving  any  rock- 
tunnel  of  the  same  size,  although  the  tunnel  should  be  driven  as  far 
as  practical  from  the  heavy  flint  band  which  is  badly  ruptxured  in 
order  to  eliminate  the  danger  from  working  in  broken  ground.  By 
clearing  the  face  a  cross  section  of  the  dike  can  be  obtained  ^d  by 
running  a  25  or  50  foot  timnel  and  then  crosscutting,  a  second  face 
on  the  same  cross  section  can  be  exposed. 

It  is  also  advisable  wherever  possible  to  crosscut  the  dike  at  two 
or  more  levels  in  order  to  ascertain  whether  the  structure  varies 
with  depth.  Care  should  be  exercised  in  driving  tunnels  that  enough 
slope  is  aUowed  for  proper  drainage  and  that  sufficient  headroom 
is  provided  for  convenient  operation.  The  quartz  bands  numing 
with  the  feldspar  may  be  prospected  in  the  manner  just  described 
and  in  most  cases  the  two  can  be  conveniently  worked  together,  the 
quartz  being  reached  by  crosscuts  from  the  main  entry. 

SAICPUNG  OF  FBLD8PAB  AND  QT7ABTZ. 

The  fuU  face  of  the  dike  should  be  exposed  and  each  band  measured. 
The  sample  can  be  most  satisfactorily  obtained  by  using  a  sampling 
cloth  of  generous  size  and,  with  a  geologist's  edged  hammer,  or  a 
chisel  and  hammer,  making  a  cut  of  imiform  depth  and  width  across 
the  entire  face.  As  is  suggested  in  connection  with  the  sampling  of 
kaolin,  the  various  bands  should  be  sampled  separately  so  that  any 
undesirable  material  may  be  eliminated.  For  average  samples  of 
the  entire  deposit  one  has  only  to  refer  to  the  record  of  width  of  the 
various  bands  and  to  blend  the  separate  samples  proportionately. 

For  chemical  and  ph3^cal  tests  it  is  necessary  to  reduce  a  portion 
of  the  samples  to  a  fine  powder.    The  sample  taken  should  be  reduced 
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to  one-half  inch  size,  spread  evenly  on  a  smooth  sampling  cloth  or  a 
large  smooth  paper,  thoroughly  mixed,  and  then  quartered;  if  neces- 
sary the  quarter  taken  may  be  crushed  to  one-eighth-inch  size, 
thoroughly  mixed  and  requartered,  the  mixing  *and  quartering  being 
repeated  until  a  sample  of  suitable  size  for  fine  pulverizing  is  ob- 
tained. This  sample  should  be  pulverized  in  a  hard  porcelain  or 
agate  mortar  until  all  of  it  passes  a  120-me8h  sieve. 

PR08PBCTING  FOB  KAOLIN. 

Within  the  area  studied  very  little  prospecting  has  been  done 
except  the  ^'ground-hog"  mica  mining,  and  this  has  resulted  from 
exposure  of  mica-bearing  ledges  on  the  surface. 

Dikes  are  so  irregular  that  only  by  the  most  thorough  prospecting 
can  the  extent  of  a  deposit  be  ascertained. 

The  surface  indications  are  mainly  confined  to  scattered  quartz 
bowlders  except  where  a  gulley  exposes  kaolin  or  pegmatite  in  place. 
A  typical  example  of  a  bowlder-strewn  surface  is  shown  in  A,  Plate  V. 
The  white  quartz  bowlders,  which  were  once  a  band  of  the  dike,  have 
alone  withstood  disintegration  and  are  scattered  over  the  surface. 

Where  such  indications  are  found  the  prospector  should  bore  with 
a  standard  wood  auger  welded  to  sectional  steel  pipe.  If  he  finds 
kaolin,  the  boring  should  extend  at  least  30  feet  into  it.  As  a  resistant 
flint  band  may  be  encountered  at  any  time  owing  to  nearly  all  dikes 
not  being  vertical,  testing  with  the  auger  is  often  very  unsatisfactory. 
The  auger  holes  should  be  sunk  at  intervals  of  not  more  than  10 
feet  imtil  the  general  direction  of  the  dike  is  definitely  determined 
and,  if  possible,  its  width  and  extent  are  a^ertamed.  A  great 
number  of  holes  are  certain  to  be  sunk  that  can  not  be  completed 
owing  to  auger  striking  hard  quartz  rock  or  penetrating  loose  sand. 
It  is  practically  impossible  even  by  putting  water  into  the  hole  to 
remove  the  borings  from  a  sand  bed. 

When  the  presence  of  a  considerable  deposit  has  been  established, 
it  will  be  found  much  more  satisfactory  and  also  more  economical 
to  open  a  tunnel  or  sink  a  shaft  into  the  deposit  than  to  investigate 
further  by  boring.  Unless  the  deposit  is  to  be  worked  at  once, 
shaft  sinking  is  not  reconmiended  except  where  the  deposit  is  a  great 
distance  from  the  face  of  the  hill.  A  tunnel  can  be  cut  quickly 
and  easily  at  25  to  35  feet  below  the  top  of  the  deposit  and  if  it  has 
a  very  slight  grade  it  will  drain  the  deposit  down  to  that  level.  Sam- 
ples should  be  carefully  taken  completely  across  the  dike  by  means 
of  a  crosscut  to  one  side  of  the  deposit  and  by  horizontal  borings 
opposite  this  crosscut.  By  frequent  horizontal  borings  the  exact 
width  of  the  dike  may  be  ascertained,  and  the  grade  of  material  in 
the  different  vertical  bands  be  determined.    By  a  little  overhead 
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sloping  to  make  room  for  handling  the  aiiger,  borings  in  the  floor  of 
the  tunnel  can  be  made  to  any  desired  depth. 

A  prospecting  tunnel  should  be  not  less  than  6  feet  high  with  an 
arched  roof,  but  need  not  be  more  than  3  feet  wide.  If  a  flint  horse 
is  encountered  it  may  be  easily  broken  through  or  may  be  followed 
on  either  side,  as  it  invariably  runs  parallel  to  the  dike  although  its 
face  is  often  more  or  less  irregular. 

Such  a  tunnel,  if  properly  cut,  will  not  cave  for  many  years;  several 
of  the  tunnels  examined  are  still  open  and  in  good  condition  though 
driven  20  years  ago  and  not  repaired  since. 

The  objections  to  shafts  are  the  tendency  to  cave  and  to  fill  with 
debris,  and  the  staining  of  the  walls  by  sinrface  waters.  Further- 
more, a  shaft  becomes  a  collecting  point  for  subsurface  water, 
the  walls  become  soft,  and  it  is  practically  impossible  to  do  any 
sampling  unless  the  water  is  removed  hj^  buckets,  which  is  very 
expensive. 

In  the  region  examined  auger  holes  soon  become  choked,  and  it  is 
often  more  economical  to  bore  a  new  hole  than  to  reopen  an  old  one; 
hence  boring  does  not  provide  any  means  of  permanently  opening 
kaolin  deposits  for  testing. 

It  must  be  borne  in  mind  that  the  dimensions  of  the  oands  in  a 
face  are  no  criterion  of  what  may  be  expected  even  a  few  yards  beyond, 
hence  the  extent  of  the  bands  throughout  the  area  tested  alone  can  be 
considered  in  any  prospecting  report.  This  statement  applies  to 
horizontal  rather  than  vertical  dimensions  although  the  latter  are 
also  subject  to  variation,  especially  those  of  the  kaolin. 

SAHPUNG  THE  KAOLIN  DEPOSIT. 

The  method  of  taking  the  samples  for  test  is  of  the  utmost  im- 
portance. Even  after  the  deposit  has  been  carefully  proved  through- 
out its  length  and  depth,  a  lack  of  care  in  sampling  may  render  the 
data  obtained  of  little  value. 

When  samples  are  taken  by  boring  from  the  surface  the  author  has 
found  it  advisable  to  use  a  larger  bit  for  boring  through  the  over- 
burden. To  prevent  any  particles  of  overburden  falling  in,  the  sides  of 
the  bole  should  be  well  packed  with  a  smooth  round  pole  or  sapling 
before  boring  into  the  deposit  begins. 

A  careful  record  should  be  made  of  the  appearance  of  each  sample 
as  it  is  removed  from  the  auger  and  in  case  a  sample  looks  notably 
different  it  should  be  kept  separate.  Not  over  5  feet  of  borings  should 
be  sampled  into  one  bag,  as  the  mixing  of  large  samples  may  lead  to 
wrong  conclusions.  In  vertical  sampling  the  sampler  should  remem- 
ber that  he  usually  cuts  the  deposit  obliquely  and  may  strike  a 
narrow  band  of  undesirable  material  that  could  be  removed  in  mining. 
The  borings  from  such  a  band  because  of  its  loose  texture  and  the 
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tendency  of  the  auger  to  tear  off  particles  when  raised  and  lowered 
may  make  the  band  seem  thicker  than  it  really  is. 

A  careful  record  should  be  kept  of  all  samples,  the  point  at  which 
taken  and  the  depth  being  noted.  The  importance  of  taking  com- 
plete notes  should  be  constantly  borne  in  mind. 

In  sampling  a  tunnel  the  problem  of  obtaining  satisfactory  samples 
is  much  simpler  but  the  tendency  to  collect  false  samples  is  even 
greater  than  in  sampling  by  bore  holes  from  the  surface. 

Where  a  large  area  of  material  is  exposed,  the  tendency  is  to  go  to 
that  section  which  appears  most  promising  and  to  take  the  samples 
there.  The  most  satisfactory  method  of  sampling  a  tunnel  is  to  divide 
it  into  5  or  10  foot  sections  and  sample  each  separately.  As  the  dike 
bands  vary  horizontally  rather  than  vertically,  it  is  always  advisable 
to  sample  the  crosscuts,  and  in  sampling  these,  as  in  sampling  auger 
holes,  much  care  must  be  observed  to  prevent  a  narrow  band  of 
impure  material  from  being  given  more  importance  than  it  deserves. 

First,  clean  the  face  exposed  in  one  side  of  the  crosscut  with  a 
shovel.  Then  sample  each  band  separately  across  its  full  width.  If 
stained  material  is  encoimtered,  its  approximate  extent  can  be  deter- 
mined and  a  sample  preserved  for  test.  In  some  dikes  the  kaolin 
shows  peculiar  variations  in  tint  that  can  not  be  detected  after 
washing. 

The  preservation  of  these  samples  separately  is  very  important, 
since,  as  will  be  shown,  different  portions  of  the  deposit  may  possess 
different  physical  properties,  thus  rendering  a  blending  advantageous. 
Also  it  is  possible,  if  desired,  to  blend  the  different  samples  in  the  same 
proportions  in  which  they  exist  in  the  deposit,  and  thus  obtain  a  sample 
representative  of  the  entire  deposit. 

TESTING  THE  SAMPIiES. 

FELDSPAR. 

Feldspars  may  be  divided  into  three  classes,  as  follows: 

Potash  feldspars,  including  orthoclase  and  microcline.  Their  com- 
position is  KAlSifOg,  their  specific  gravity  is  2.56. 

Soda  feldspar,  known  as  albite.  Its  chemical  composition  is 
NaAlSifOg,  its  specific  gravity  is  2.605. 

Lime  feldspar,  known  as  anorthite.  Its  chemical  composition  is 
CaAl^SijOs,  its  specific  gravity  is  2.765. 

In  addition  there  are  mixtures  of  these  feldspars,  as  follows: 

Potashnsoda  feldspar,  known  as  anorthoclase,  which  is  a  mixture 
of  equal  parts  of  potash  and  soda  feldspars. 

Soda-lime  feldspars,  known  as  plagioclase  feldspars,  which  vary 
in  composition  from  a  mixture  of  6  parts  soda  feldspar  and  1  part 
lime  feldspar  to  1  part  soda  feldspar  and  6  parts  lime  feldspar. 
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If  the  feldspar  is  pure,  its  value  in  the  industries  is  indicated  in  a 
very  satisfactory  manner  by  a  chemical  analysis.  If ,  as  is  the  case 
in  nearly  all  pegmatites,  the  feldspar  is  intimately  mixed  with  a  num- 
ber of  other  minerals  in  varying  proportions,  a  chemical  analysis  is 
often  decidedly  misleading.  If  a  quantity  of  feldspar  is  freed  from 
associated  minerals,  an  analysis  can  be  obtained  that  will  indicate 
which  of  the  feldspars  is  present. 

For  the  process  of  chemical  analysis  of  feldspar,  see  United  States 
Geological  Survey  BuUetin  422.  If  a  mixtiu*e  exists,  a  microscopic 
study  of  the  sampled  material  shows  conclusively  what  minerals  are 
present  and  also  their  fineness  and  their  relations;  it  is  therefore  a 
valuable  aid  in  classification. 
If  the  consumer  knows  what  minerals  are  present  and  knows  their 

average  proportions,  the  task  of  readjusting  his  mix- 
tures to  suit  conditions  is  not  a  serious  one,  provided 
the  associated  minerals  do  not  introduce  some  unde- 
sirable colorant. 

THE  DEFORMATION  POINT  AND  ITS  DETERMINATION. 

Since  feldspars  are  fusible,  their  activity  as  solvents 
depends  on  temperature.  The  determination  of  the 
deformation  point  of  a  feldspar  is  a  matter  of  impor- 
tance. 

The  deformation  point  of  a  feldspar  is  determined  as 
follows: 

The  feldspar  is  pulverized  to  an  impalpable  powder, 
as  explained  imder ' '  Sampling. ' '     This  powder  ia  mixed 
with  just  sufiSicient  starch  paste  or  dextrin  solution  to 
permit  of  its  being  formed  by  pressure  into  a  cone.     The 
FioOTE  2.-8taiid-  size  of  the  cone  for  temperatures  up  to  1,450® C.  has  been 
ard  cone  for defor-  standardized  (Scgcr  cones  are  shown  in  A,  PI.  VI)  and 

in  practice  is  a  three-sided  pyramid  with  sides  2} 
inches  long  and  the  faces  -^  inch  at  the  base  and  ^  inch  at  the  top, 
as  shown  in  figure  2. 

This  cone  is  comparable  with  the  standard  pyrometric  cones  manu- 
factured in  Germany  and  in  the  United  States,  which  are  guaranteed 
to  melt  at  definite  temperatures  under  exact  heating  conditions. 
These  cones,  composed  of  mineral  mixtures,  act  under  fire  in  a  man- 
ner more  or  less  similar  to  the  feldspars,  kaolins,  and  quartzes,  in  the 
standardization  and  firing  of  which  thev  are  chiefly  used. 
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Seger  cone9  and  their  deformation  temperattare$. 
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Cones  similar  to  the  Seger  cones  are  made  for  temperatures  below 
1,150°  C,  but  for  testing  feldspars,  kaolins,  and  quartzes  such  cones 
are  unimportant. 

For  temperature  determination,  other  forms  of  pyrometers  are  also 
ased. 


THESHOELEGTRIO  PYBOHETBS. 


The  thermoelectric  pyrometer  is  an  Instrument  for  ascertaining  the 
temperature  in  an  oven  or  kiln.  It  consists  of  a  thermoelectric  couple, 
made  by  fusing  a  platinum  wire  and  a  wire  composed  of  90  per  cent 
platinum  and  10  per  cent  rhodium,  which  is  exposed  to  the  tempera- 
ture. The  difference  in  temperature  between  the  hot  and  the  cold 
junctions  of  these  two  wires  is  proportional  to  the  electric  current  gen- 
erated, and  this  is  recorded  on  a  galvanometer.  The  deflection  of  the 
galvanometer  varies  with  the  curreQt  generated,  and  the  dial  of  the 
galvanometer,  being  scaled  in  centigrade  degrees,  permits  the  operar 
tor  to  read  directly  the  temperature  of  the  furnace.  Such  an  instru- 
ment is  reliable  to  3^  C.  under  ideal  laboratory  conditions  and  is  reli- 
able within  5  to  10  degrees  under  factory  conditions.  The  electric 
pyrometer  is  highly  satisfactory  for  use  in  testing  feldspars,  but  as  the 
deformation  of  a  feldspar  is  a  pyrochemical  process,  in  which  heat  and 
time  are  factors,  the  time  consumed  in  heating  the  sample  to  the 
deformation  temperature  should  be  considered  in  expressing  the  defor- 
mation temperature  of  any  feldspar  or  feldspar  mixture. 

The  thermoelectric  pyrometer  deteriorates  rapidly  at  temperatures 
above  1,500°  C;  hence  for  testing  kaolins  and  quartzes  Seger  cones 
or  some  form  of  heat-radiation  or  optical  pyrometer  must  be  used. 


HEAT-BADIATION  PTKOMBTBB. 


In  the  heat-radiation  pyrometer  the  heat  radiated  from  an  incan- 
descent body,  in  the  furnace  or  kiln,  is  focused  upon  a  thermocouple 
and  the  electromotive  force  generated  is  indicated  by  the  deflection 
of  an  attached  galvanometer,  which  is  read  upon  a  dial  scaled  in  cen- 
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tigrade  degrees.  The  precautions  that  the  operator  must  consider 
in  operating  such  a  pyrometer  are  to  have  the  incandescent  object 
focused  sharply  upon  the  thermo junction  and  to  have  the  image  so 
focused  of  greater  size  than  the  junction. 

Such  a  pyrometer  is  reliable  only  within  10®  C.  under  the  most 
favorable  conditions;  hence  its  use  is  little,  if  any,  more  satisfactory 
for  temperature  measurements  than  are  the  pyrometric  cones. 


OPTICAL  FTBOHBTER8. 


The  optical  pyrometer  of  La  Chatelier  consists  of  a  telescope  that 
carries  a  small  comparison  lamp  attached  laterally.  The  image  of 
the  flame  of  this  lamp  is  projected  on  a  mirror  at  45  degrees  placed 
at  the  principal  focus  of  the  telescope.  The  images  of  the  object 
viewed  and  of  the  comparison  flame  are  side  by  side  and  are  brought 
to  equal  intensity  by  suitable  adjustment  of  the  instrument.  Under 
the  most  favorable  conditions  this  instrument  is  subject  to  any  error 
of  vision  of  the  operator  and  for  high  temperatures  should  hardly 
be  expected  to  give  results  more  accurate  than  10**  C. 

As  the  deformation  of  feldspars  may  in  some  cases  be  completed 
within  a  temperature  range  of  5®  to  8®  C,  the  use  of  thermocouples 
or  optical  pyrometers  does  not  furnish  a  graphic  comparison.  Seger 
cones  placed  aide  by  aide  with  the  sample  to  be  tested  is  by  far  the 
most  satisfactory  method  of  comparison,  although  it  is  always  ad- 
visable to  use  a  thermocouple  or  optical  pyrometer  to  check  the 
temperature  of  the  deformation.^ 

The  cone  of  material  of  which  the  deforxnation  point  is  to  be  de- 
termined is  placed  on  a  fire-clay  slab  to  which  it  is  made  fast  by 
means  of  a  fusible  slip  or  by  packing  clay  about  the  base.  If  day 
is  packed  about  the  base  care  must  be  used  that  the  cone  be  set  not 
more  than  one-fourth  inch  in  the  clay  lest  the  deformation  be  re- 
tarded. If  the  deformation  temperature  is  to  be  determined  by 
means  of  cones,  these  should  be  placed  about  the  cone  to  be  tested 
and  as  near  as  possible  without  danger  of  contact  when  deformation 
begins.  If  the  cones  are  not  set  exactly  vertical,  care  must  be  taken 
that  the  same  slant  be  given  to  all,  otherwise  the  results  will  not  be 
comparable. 

As  the  rate  of  fusion  is  an  important  factor,  the  cones  should  be 
closely  watched  and  the  time  at  which  each  standard  cone  is  exposed 

aFor  more  complete  explanation  of  Seger  oones,  see  "Soger's  Collected  Wrltingi"  (Am.  Trans.),  vol.  1, 
pp.  224-229;  also  Prof.  Paper  11,  and  Bull.  64,  U.  S.  Oeol.  Sarr. 

For  electrical,  radiation,  and  optical  pyrometers,  see  "High-Temperature  Measurements,"  by  La  Cha- 
telier, Boudouard,  and  Burgess. 

Waidner,  0.  W.,  The  temperature  work  of  the  Bureau  of  Standards: ^Jour.  Ind.  Eng.  Chem.,  toI.  2, 
1910,  p.  49.  Waidner,  0.  W.,  and  Burgess,  O.  K.,  Platinum  resistance  thermometry:  Bureau  of  Stand- 
ards Scientific  Paper  124, 1909,  82  pp. 

Shook,  — ,  Radiation  pyrometry,  1,  Met.  Chem.  Eng.,  vol.  10, 1912,  pp.  238,  334,  and  634;  Gallbratioo 
of  radiation  pyrometers:  Op.  cit.,  p.  416;  Determination  of  very  high  temperatures:  Op.  dt.,  p.  478. 

Wilson,  — ,  A  practical  note  on  thermo-electric  pjrrometers:  Electrochem.  Met.  Ind.,  vol.  7, 1900,  p.  116. 
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to  the  heat  should  be  recorded  as  well  as  the  time  at  which  its  point 
reaches  the  level  of  its  base,  thus  fonning  a  semicirele.  A  similar 
record  for  the  cone  of  the  material  being  tested  enables  one  to  state, 
by  referring  to  the  standard-cone  record,  the  temperature  of  the 
bcguming  of  defonnation  and  also  the  temperature  at  which  its 
point  reaches  the  lerel  of  its  base.  The  range  of  temperature  b^ 
tween  these  two  stages  of  deformation  is  very  important  as  indicating 
the  rsDge  of  temperature  within  which  the  material  under  teat  wUl 
be  yaluaUe  as  a  flux  in  pottery  manufacture. 

COLOB. 

Feldspar,  as  found  in  nature,  has  various  tints  and  shades,  but 
the  fused  material,  to  possess  much  value,  must  be  almost  colorless. 
Until  a  feldspar  has  been  heated  past  the  deformation  point  and 
come  into  quiet  fusion  it  generally  remains  opaque.  The  opacity 
may  be  due  to  bubbles  disseminated  through  the  mass,  or  to  some 
opaque  impurity  not  taken  into  solution  by  the  feldspar.  The 
presence  of  an  impurity  that  discolors  is  far  more  objeetionable  than 
one  that  merely  opacifies  although  for  many  uses  a  feldspar  that 
is  opaque  after  fusion  is  very  objectionable. 

No  classification  of  colors  and  dbadesof  feldspar  has  been'attempted. 
For  the  standardization  of  the  feldspars  in  the  following  investiga- 
tion a  high-grade  Maine  feldspar  was  accepted  as  standard  color. 

TUs  standard  Maine  feldspar  has  the  following  composition : 

Chendoal  analyni  of  standard  Maine  fekbpar. 
lAnalyab  by  OlUo  Gcok)ck»l  Sonrey.) 

SiOa 71.76 

Jdfit 16.70 

FeA 14 

TiO, 03 

CaO 26 

MgO 

Lo8B  on  ignition 36 

K,0 8.69 

NaiO 2.99 

100.80 

This  analysis  indicates  a  mineral  composition  as  foUows: 

Mineral  compontion  of  standard  Maine  feldspar. 

Microcline 50. 3 

Albite 27.26 

Kaolin 5.08 

FVee  silica , 17.37 

leo.oo 
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The  high  content  of  free  silica  and  the  kaolin  content  cause  this 
feldspar  to  remain  opaque  to  a  much  higher  temperature  than  it 
would  otherwise,  but  the  low  ferric-oxide  content  insures  a  fusion 
practically  free  from  color. 

To  classify  the  feldspars,  the  fused  specimens  are  placed  side  by 
side  and  by  comparison  with  the  standard  feldspar  and  with  one 
another  a  color  scale  is  devised  in  which  each  specimen  has  its  place. 
By  repeating  this  several  times  the  danger  of  error  is  reduced  to 
the  minimum  and  by  having  two  or  more  persons  duplicate  tests, 
the  personal  error  is  largely  eliminated.  The  errors  possible  from 
this  system  are  many  and  the  absence  of  any  standards  of  color  for 
such  work  is  the  only  justification  for  its  use. 

THE   IMPURITIES   OP  FELDSPAB. 


QUABTZ. 

The  presence  of  quartz  in  feldspar  oflFered  for  sale  has  long  been 
considered  unpermissible,  even  though  the  user  expected  to  add 
quartz  to  the  mixture  later.  This  stand  was  taken  because  of  the 
fear  that  the  feldspar  would  be  adulterated  enough  to  reduce  its 
solvent  action  seriously.  The  impression  has  also  prevailed  that 
even  small  additions  of  quartz  to  feldspar  would  greatly  increase  the 
amount  of  heat  necessary  to  fuse  the  mass  to  a  liquid  state.  As 
exact  data  on  this  subject  were  absolutely  lacking,  the  author  car- 
ried on  an  investigation  with  additions  of  pure  quartz  to  a  pure 
feldspar,  an  analysis  of  which  follows: 

Feldspar  used  in  deformation  study  of  feldspar-quartz  mixtures. 


Composition. 


Theoretical 
microcUne. 


HjO 

SiOi 

AltOt 

TiOt 

FejO$ 

CaO 

MgO 

KfO 

NatO 

Specific  giavity 


These  materials  were  ground  separately  to  pass  a  200-mesh  screen. 
They  were  then  ground  together  until  thoroughly  mixed  and  made 
into  cones  similar  to  the  pyrometric  cones  of  commerce  against 
which  they  were  to  be  tested.  They  were  burned  in  an  updraft 
testing  kiln  with  a  muffle  7  by  8  by  18  inches  deep.  Gas  was  the 
fuel,  and  an  even  temperature  throughout  could  be  maintained  by 
slow  and  careful  increase  of  gas  pressure.  The  following  is  the 
record  of  the  test  burn: 
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Twenty  hours  was  consumed  in  reaching  cone  7  temperature, 
1,270°  C.  Eight  hours  additional  was  consumed  in  raising  the  tem- 
perature to  cone  9,  1,310°  C. 

With  the  rate  of  deformation  of  cone  8,  1,290°  C,  and  cone  9, 
1,310°  C,  as  standards,  figure  3  shows  the  relative  temperatures  and 
speed  of  deformation  of  the  various  mixtures  of  feldspar  and  quartz 
up  to  and  including  35  per  cent  quartz. 
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FlauBK  3.~DflfQniiatloa  of  feldspar-quarts  cones,  showing  relative  temperatures  and  speeds. 

Note  that  even  though  30  per  cent  of  the  mixture  is  quartz,  the 
deformation  temperature  is  raised  less  than  two  cones,  or  40^  C. 
This  is  not  in  accordance  with  the  work  of  Simonis,^  who  found  that 
a  mixture  of  70  per  cent  feldspar  and  30  per  cent  quartz  had  a  defor^ 


•  QprMbsul,  1907,  pp.  4K»-iOe. 
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motion  temperature  of  cone  14,  1,410°  C,  which  is  about  100®  C. 
higher  than  his  defonnation  point  for  pure  feldspar. 

This  difference  in  results^ can  be  accounted  for  only  by  the  fact 
that  the  feldspar  used  in  the  Simonis's  tests  was  pure  potash  feldspar, 
whereas  the  feldspar  used  in  these  tests  carries  more  than  2  per  cent 
Na,0. 

The  important  point  brou^t  out  by  this  investigation  is  the  fact 
that  the  user  can  not  be  certain  that  he  is  obtaining  pure  feldspar  by 
testing  the  material  alone  in  the  kiln  in  the  manner  ordinarily 
practiced.  A  mixture  of  95  per  cent  feldspar  and  5  per  cent  quiy-tz 
begins  to  deform  at  the  same  temperature  as  pure  feldspar,  but 
becomes  fluid  much  more  quickly  than  pure  feldspar.  A  mixture 
of  90  per  cent  feldspar  and  10  per  cent  quartz  deforms  at  a  temperature 
approximately  5°  C.  higher  than  does  pure  feldspar,  but  becomes 
liquid  before  the  pure  feldspar  has  begun  to  lose  shape. 

No  eutectic  indications  are  noticeable  in  the  original  fusion  of 
feldspar-quartz  mixtures,  unless  one  so  construes  the  fact  that  the 
mixture  of  95  percent  feldspar  and  5  percent  quartz  began  deforming 
when  the  feldspar  began  and  completed  deformation  before  the 
pure  feldspar.  To  determine  if  there  is  any  eutectic  indication  in 
feldspar-quartz  fusions,  mixtures  of  pure  feldspar  and  quartz  were 
fused  together  in  the  above  proportions  and  after  reducing  the 
fusions  to  200-me8h  powders  they  were  made  into  cones  which  were 
tested  against  standard  pyrometric  cones  as  before. 

The  same  order  of  fusibility  is  noted  in  this  firing  as  was  recorded 
in  the  firing  of  the  original  mixtures.  F  and  Al  begin  to  deform  at 
cone  5,  1,230**  C,  but,  as  was  noted  in  the  firing  of  the  mixtures,  Al 
deforms  more  rapidly  and  touches  the  plate  when  F  is  only  half 
down.  A2  begins  to  deform  after  F  and  Al  have  started  but  over- 
takes F  when  nearing  the  plate.  A3,  A4,  A5,  A6  deform  in  regular 
order.  A7  was  an  imperfect  cone  and  no  reliable  observation  of  it 
could  be  made  but  A6  was  deformed  so  that  it  touched  the  plate 
before  cone  7  started  to  deform. 


IRON  ozn>B. 


Iron  oxide  is  so  well  known  as  a  dangerous  impurity  in  feldspar 
that  a  discussion  of  it  seems  almost  unnecessary.  Only  1  per  cent 
gives  the  feldspar  a  decided  yellow  cast  and  it  must  be  eliminated 
even  though  hand  sorting  is  necessary. 


MUSCOVITS. 


As  muscovite  is  present  in  nearly  every  feldspar-bearing  dike  in 
the  district  studied,  it  is  important  to  know  what  influence  it  exerts 
on  the  deformation  point  and  color  of  the  feldspar.  For  this  purpose 
a  series  of  feldspar-muscovite  mixtures  was  made  and  tested  in  the 
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same  maimer  as  the  feldspap-quartK  mixtures.  The  muscovite  and 
the  feldspar  were  both  ground  to  pass  a  200-mesh  sieve.  Figure  4 
shows  the  results  of  this  test.  The  results  are  especially  interesting 
m  view  of  the  fact  that  muscovite  has  the  composition,  Kfi.SAlfi^, 
6Si02.2H20,  and  contains  the  same  elements  as  feldspar;  but  by 
virtue  of  its  higher  alumina  content  it  is  more  difficultly  fusible, 
being  reported  by  Rieke*  as  deforming  with  cone  13. 

In  %ure  4  it  wiU  be  noted  tliat  Cl ,  containing  5  per  cent  of  mus- 
covite, begios  to  deform  before  any  other  mixture  tested.  The 
order  in  which  the  various  mixtures  deform  is  rc^lar,  C4  being  the 
last  to  begin  to  deform.  The  rate  of  deformation,  however,  appears 
to  be  just  the  reverse  of  this,  since  C4  deforms  until  it  touches  the 
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A«uBB  4.— Dofonnatfon  of  MdspaMiiuMovltft  ooems,  thowing  relative  tempcrattmBaDd  speeds. 

plate  before  any  other  of  the  series.  Note  also  that  as  Cl,  which  has 
the  slowest  rate  of  deformation,  touches  the  plate  F,  which  is  pure 
feldspar,  shows  the  first  indication  of  deformation.  Thus  it  appears 
that  additions  of  finely  ground  muscovite  to  a  potash  feldspar  lower 
the  deformation  temperature,  and  the  rate  of  deformation  increases 
with  the  increase  in  muscovite. 

The  influence  of  muscovite  upon  the  color  of  the  feldspar  is  really 
the  most  important  consideration  in  the  presence  of  muscovite, 
although  the  proportions  present  in  any  deposit  known  would  hardly 
average  1  per  cent.  A  specimen  containing  this  percentage  is 
scarcely  distinguishable  from  pure  feldspar.    The  tint  produced  by 


A  BiOke,  —,  Spndisaaly  IflOe^  p.  578. 
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the  muscovite  is  a  pale  drab,  which  is  the  same  aa  is  imparted  to 
porcelains  by  the  ball  clay  and  hence  would-  not  be  noticed. 


BERTL. 


The  presence  of  crystals  of  beryl  in  the  pegmatite  dikes  and  the 
fact  that  they  are  found  chiefly  associated  with  the  portions  richest 
in  feldspar  made  it  necessary  to  ascertain  what  effect  this  mineral 
exerts  upon  the  industrial  value  of  feldspar. 

For  this  purpose  a  series  of  mixtures  of  microdine  and  beryl  was 
prepared,  ground  to  200-mesh  fineness,  and  made  into  cones.  These 
cones  were  tested  in  the  same  manner  as  were  the  feldspar-quartz 
and  feldspar-muscovite  mixtures,  and  the  results  are  shown  in 
figure  5. 

Beryl  has  the  following  composition:  3BeO.Al,0,.6SiOj. 
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FiQTTBB  5.— Defonnatlon  of  feldspar-beryl  oover,  showing  relatlTe  temperatures  and  speeds. 

The  first  of  this  series  to  defonn  is  D4  which  begins  to  deform  as 
cone  6  touches  the  plate.  The  mixtures  D3,  D2,  and  Dl  follow 
quickly  after  D4.  The  feldspar-beryl  mixtures  continue  to  deform  in 
the  order  in  which  they  start,  the  first  to  begin  deforming  being  the 
first  to  touch  the  plate.  The  entire  series  deforms  completely 
within  less  time  than  one  cone  temperature  range,  starting  at  cone 
6,  touching  and  extending  to  cone  7,  not  quite  touching  the  plate. 
This  series  indicates  that  the  deformation  temperature  decreases 
with  increase  of  beryl  content,  at  least  to  20  per  cent  where  the 
series  ended.  As  a  test  cone  of  pure  beryl  was  tested  with  this 
series  and  was  heated  to  the  temperature  of  cone  8  without  deform- 
ing, a  eutectic  is  indicated  between  feldspar  and  beryl.  A  study 
of^  the  fired  cones  indicates  slightly  more  deformation  in  the  D3 
mixture,  but  as  this  was  not  apparent  during  deformation  its  signifi- 
cance is  difficult  to  determine. 
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BIOTTTE. 

In  the  dikes  inyestigated,  the  biotite  is  generally  finely  divided 
and  rarely  occurs  in  pegmatite  rich  in  feldspar.  Where  present  in 
such  quantity  as  to  make  the  sorting  and  cobbing  of  the  entire  de- 
posit necessary  it  is  doubtful  if  the  expense  of  such  work  would  be 
justified.  Where  present  as  isolated  laths  or  crystals,  such  portions 
of  the  deposit  may  be  rejected  and  the  remainder  made  marketable. 
The  presence  of  biotite  in  any  quantity  renders  the  feldspar  unmar- 
ketable except  as  low-grade.  The  injurious  constituent  of  biotite 
is  iron,  the  content  of  which  varies  greatly. 

OABNBT. 

The  influence  of  andradite  (calcium-iron  garnet;  composition, 
SCaO.Fe^Og.SSiO,)  on  the  deformation  poiat  and  color  of  feldspar 
was  investigated.  Brush  and  Penfield^  report  the  fusibility  of 
this  miaeral  as  lower  than  orthoclase.  The  results  of  the  investiga- 
tion indicate  that  a  mixture  of  5  per  cent  andradite  and  95  per  cent 
feldspar  deforms  at  a  temperature  at  least  one  cone  lower  than  does 
pure  feldspar.  This  percentage  of  andradite  imparts  to  the  fused 
feldspar  a  seal-brown  color  that  does  not  show  any  diminution  in 
intensity  at  higher  temperatures.  When  1  per  cent  andradite  is 
used  the  color  imparted  is  pale  blown  or  green,  depending  on  kiU 
conditions  during  the  test. 

TOURMAXINE. 

An  investigation  of  the  influence  of  tourmaline  on  the  deforma- 
tion point  and  color  of  feldspar  was  made.  The  mineral  has  a  very 
complex  and  variable  composition:  R^^BOHSi^Oig.  It  fuses 
usuiJly  at  a  much  lower  temperature  than  feldspar,  although  its 
composition  may  make  it  as  refractory  as  orthoclase.  The  tourma- 
line found  in  the  dikes  studied  must  contain  an  appreciable  amount 
of  iron  since  a  mixture  of  this  5  per  cent  tourmaline  and  95  per  cent 
feldspar  produces  a  strong  golden-brown  glass  at  cone  10,  and  de- 
fonns  at  t&e  same  temperature  as  feldspar. 

MANGANESE  AND  COBALT  OXIDES. 

An  investigation  of  the  influence  of  manganese  and  cobalt  in  the 
fonn  of  wad  on  the  deformation  point  and  color  of  feldspar  was  next 
made.  At  low  temperatures  a  mixture  containing  5  per  cent  of  the 
wad  has  a  color  varying  from  brown  to  deep  wine,  but  as  the  tem- 
perature increases  the  color  fades  because  of  the  volatilization  of 
manganese  dioxide  until  at  cone  10  only  a  pale  lavender  tint  remains. 

o  Brush,  O.  J.,  DeterminstlTe  Mineralogy,  revised  by  8.  L.  Penfleld,  p.  260. 
80421**— Bull.  53—13 3 
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SUMMARY. 


From  the  foregoing  it  is  apparent  that  neither  muscovite  or  beryl 
need  be  feared  as  impurities  in  feldspar,  in  regard  to  either^  their 
color  or  eflfect  on  the  temperature  of  deformation. 

The  presence  of  iron  garnets  in  feldspars  must  be  carefully  avoided 
because  even  when  present  in  very  small  amounts  they  ruin  the  color 
of  the  fused  feldspar. 

Tourmaline  ranks  next  to  iron  garnets  as  an  injurious  impurity 
in  the  dikes  investigated,  and  while  not  so  powerful  a  colorant  as 
iron  garnets,  it  should  be  carefully  avoided  on  account  of  the  unde- 
sirable color  which  it  imparts. 

Wad  imparts  an  intense  purple-brown  color  at  temperatures 
below  cone  8,  but  at  this  temperature  the  color  is  reduced  to  a  faint 
amethyst  hue,  hence  its  presence  is  not  so  serious,  as  the  color  im- 
parted tends  to  neutralize  the  yellow  color  of  iron,  especially  if 
cobalt  is  present  with  the  manganese. 

PROPERTIES  OF  FELDSPAR  IN  PORCELAIN  MIXTURES. 

The  r61e  of  feldspar  in  the  porcelain  mixture  is  that  of  a  cementing 
material  or  solvent,  its  activity  depending  upon  the  temperature 
attained  in  the  firing  process.  If  the  temperature  only  softens  the 
feldspar  the  latter  can  do  nothing  more  than  bond  the  quartz  and 
kaolm  with  which  it  is  intimately  mixed.  If  the  feldspar  is  heated 
until  it  becomes  fluid,  it  can  take  into  solution  part  of  the  quartz 
and  kaolin,  and  thus  form  a  more  or  less  homogeneous  mass.  Im- 
purities in  the  feldspar  may  not  appear  greatly  injurious  in  their 
action  when  the  feldspar  is  tested  alone,  but  may  materially  affect 
the  speed  of  reaction  and  other  properties  of  the  feldspar  when  used 
in  porcelain  mixtures. 

The  action  of  a  feldspar  in  porcelain  mixtures  is  the  only  safe  and 
proper  basis  for  judging  its  industrial  value.  Experience  has  proved 
that  it  ia  not  essential  that  the  proportions  of  a  porcelain  mixture 
for  testing  be  industrially  correct  but  rather  that  those  proportions 
be  selected  which  will  cause  the  ingredients  to  display  *most  pro- 
nouncedly any  faults  that  they  possess.  Thus  an  excess  of  feldspar 
will  increase  the  tendency  to  warp  and  also  to  produce  bad  colors. 
For  practical  test,  the  following  proportions  have  been  found  most 
satisfactory:  Feldspar,  20  per  cent;  kaolin,  50  per  cent;  and  quartz, 
30  per  cent,  mixed  with  50  grams  of  water. 

A  standard  for  each  of  these  materials  should  be  selected  from  the 
best  material  on  the  market  and  should  be  thoroughly  tested  as  to  its 
physical  and  chemical  properties.  From  these  standard  materials 
a  standard  trial  or  blank  should  be  prepared  in  the  proportions  given 
above  and  this  standard  trial  should  be  tested  in  exactly  the  same 
manner  aa  the  mixture  containing  the  material  under  test. 


Ill 


MINING  AND  TREATMENT  OF  PELDSPAB  AND   KAOLIN.  33 


STAND ABD  PLASTIC  TRIALS. 


The  standard  plastic  trials  are  produced  by  mixing  the  materials 
in  the  proportions  given  above.  Especial  attention  should  be  given 
to  the  thorough  mixing  of  these  materials  into  a  homogeneous  mass, 
as  otherwise  the  trial  lacks  uniformity  and  is  unreliable.  After 
being  thoroughly  mixed  and  kneaded  the  material  is  formed  by 
jiggering  or  by  pressing  into  molds  in  such  a  manner  that  a  product 
of  varying  thickness  will  be  obtained. 

For  this  trial  a  wedge-shaped  rectangular  block,  which  may  be  any 
desired  length,  is  most  satisfactory.  If  one  edge  is  sharp  and  the  other 
three-fourths  inch  thick  the  trial  can  be  used  for  translucency  and 
color  tests;  and  by  impressing  the  face  with  a  metal  die  a  record  of 
linear  shrinkage  may  also  be  obtained.  Care  should  be  observed  that 
this  mark  for  shrinkage  or  identification  does  not  interfere  with  the 
translucency  test. 

For  testing  the  feldspar  a  mixture  should  be  prepared  in  every  way 
similar  to  the  standard  trial  or  blank;  except  that  the  feldspar  to  be 
tested  should  be  substituted  for  the  standard  feldspar.  In  the  mold- 
ing of  trials  the  process  employed  in  producing  the  standard  trials 
must  be  carefully  duplicated  if  comparable  data  are  expected.  All 
test  pieces  should  be  conspicuously  marked  to  insure  identification. 

As  soon  as  trials  are  removed  from  the  molds  they  should  be  placed 
where  they  may  dry  without  warping,  and  when  thoroughly  dry  the 
drying  shrinkage  may  be  determined  by  measuring  with  calipers  the 
impression  made  by  the  die. 

FIRING. 

The  firing  of  the  trials  now  takes  place.  The  temperature  attained 
should  be  that  to  which  the  feldspar  will  probably  be  subjected  in 
commercial  work.  For  convenience  this  temperature  may  be  safely 
assumed  as  about  that  at  which  in  the  deformation  of  the  trial  the 
point  reaches  the  level  of  the  base,  as  described  under  deformation- 
point  determination. 

VrrRIFIGATION   RANGE. 

Vitrification  range  is  that  range  of  temperature  within  which  the 
feldspar  being  tested  produces  a  vitreous  body  that  does  not  warp. 
The  vitrification  range  of  feldspar  is  determined  by  means  of  a  bar 
i  by  ^  by  6  inches  composed  of  a  mixture  similar  to  the  standard 
porcelain  mixture,  except  that  the  standard  feldspar  is  replaced  by 
the  feldspar  being  tested. 

This  bar,  after  thorough  drying,  is  so  placed  in  the  kiln  that  it  is 
supported  1  inch  from  each  end,  leaving  the  4  inches  in  the  middle 
unsupported.     The  temperature  at  which  warping  begins  marks  the 
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highest  temperature  that  is  practical  for  this  feldspar  in  this  propor- 
tion and  is  considered  the  maximum  temperature  of  the  vitrification 
range.  The  minimum  temperature  of  the  vitrification  range  is 
determined  by  firing  to  various  temperatures  the  trials  containing 
the  feldspar  being  tested;  they  are  then  carefully  weighed  dry,  and 
after  standing  for  24  hours  in  pure  water  are  removed,  carefully 
dried  on  the  surface  only,  and  reweighed.  The  increase  in  weight 
indicates  the  absorbed  water.  The  minimum  temperature  which 
renders  the  trial  nonabsorbent  is  the  minimum  temperature  of  the 
vitrification  range. 


COLOR. 


In  the  absence  of  a  standard  system  of  measuring  color,  the  method 
employed  is  by  comparison,  using  the  standard  porcelain  mixture 
made  and  fired  under  comparable  conditions  as  a  standard. 


TRANSLUCENCY. 


Translucency  is  determined  by  placing  the  wedge-shaped  trans- 
lucency  trials  over  a  1-inch  hole  in  a  box  that  contains  a  16-candle- 
power  electric  lamp  of  constant  brilliancy.  The  maximum  thickness 
of  the  trial,  expressed  in  centimeters,  through  which  a  No.  20  wire 
can  be  detected  on  the  face  of  the  trial  next  the  lamp,  with  the  lamp 
3  inches  distant,  is  taken  as  the  measure  of  translucency .* 


SHRINKAGE. 


Shrinkage  is  determined  by  measuring  the  length  of  the  die  impres- 
sion made  in  the  translucency  wedge.  The  total  shrinkage  is  the 
difference  between  the  original  length  and  the  length  after  firing. 


TEST  UNDER  GLAZE. 


An  important  property  of  all  feldspars  is  their  influence  upon  the 
color  of  the  body,  both  imglazed  and  glazed.  Many  porcelain  bodies 
are  of  faultless  color  when  unglazed,  but  when  covered  with  a  clear 
glaze  the  defects  of  the  ingredients  appear  and  the  body  as  viewed 
through  the  glaze  is  so  badly  off-color  that  the  commercial  value  of 
the  ware  is  greatly  reduced.  Tests  under  glaze  are  therefore  of  much 
importance,  and  since  the  glazes  used  are  of  two  classes — namely, 
raw-lead  and  fritted — it  is  advisable  whenever  possible  to  apply  to  the 
once-fired  trials  a  thin  coat  of  glaze.  For  convenience  it  is  desirable 
to  place  a  small  quantity  of  each  glaze  upon  the  same  trial  or  test 
piece  in  order  that  the  effects  of  the  different  glazes  may  be  most 
clearly  compared.  A  small  portion  of  the  trial  should  be  left  un- 
glazed in  order  that  the  effect  that  glazing  has  on  the  color  may  be 
determined  by  comparison. 

a  See  Trans.  Am.  Ceram.  Soo.,  yoI.  13, 1011,  pp.  104-105. 
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For  tests  of  materials  in  porcelain  mixtures  under  glazes^  those 
glazes  should  be  chosen  that  are  most  Ukely  to  be  used  with  the  mate- 
rials in  commercial  work. 

For  this  test  the  following  glazes  are  found  satisfactory  and  are 
recommended  for  use  at  temperatures  between  cone  02  and  cone  2 — 
that  is,  approximately ,  1,110**  to  1,190**  C. 

Raw-lead  glaze. 
Molecular  formula. 


PbO 


0.6 
0.1 
0.15  CaO 
0.15  ZnO 


KjO 


0.15  ALO  .1.5  SiO. 


a 


Composition  of  batch  by  weight. 

White  lead 5L  81 

Potash  feldspar 18. 60 

Whiting 5.02 

Zinc  oxide 4.  20 

Eaolin • 4.32 

Flint 16.05 


100.00 


This  material  is  ground  with  water  enough  to  produce  a  thin  paste 
and  is  applied  as  a  coat  of  uniform  thickness  to  all  the  test  pieces  to 
be  compared. 

Fritted  gUue. 


Molecular  formula. 

0.13  Kj0 1 
0.25  Na^O 
0.25  ZnO 
0.25  CaO 
0.12  PbO  J 


•0.22  AljOj- 


1.25  SiOj 
.50  BA 


Composition  of  batch  by  weight. 

Melted  frit 37. 02 

Potash  feldspar 31.  02 

White  lead 13.  30 

Zinc  oxide 8.  70 

Kaolin 9.96 


0.5  NajOl 
0.5  CaO  J 


Frit. 
Molecular  formula. 

58SiOj 


100.00 


fO.I 
ll.( 


OOBjO, 

Composition  by  weight,  raw. 

Borax 69.25 

Whiting 18.13 

Flint 12.62 


100.00 
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This  frit  is  melted  to  a  glass  and  then  ground  to  pass  a  150-mesh 
sieve.  The  ground  melted  frit  is  added  to  the  glaze  in  the  proportion 
given  above,  and  the  mixture  is  thoroughly  ground  before  being 
applied  to  the  trials.  The  fritted  glaze  is  generally  applied  in  a  thin- 
ner coat  than  is  necessary  for  the  raw-lead  glaze. 

BLANK   OR   STANDARD  TRIAL  FOR  FELDSPAR. 

The  blank  or  standard  trial  for  feldspar  consists  of  the  standard 
porcelain  mixture,  and  contains  the  standard  feldspar,  kaolin,  and 
quartz  in  the  proportions  specified. 

The  standard  feldspar  has  a  chemical  composition  as  follows: 

Compontion  of  standard  feldspar. 

HjO 0. 35 

SiOj 7L75 

AlA 16. 70 

FeaOs 14 

TiOj 03 

CaO '. 25 

MgO 

KjO 8. 59 

Na^O 2.99 

100.80 

The  standard  feldspar  has  a  deformation  temperature  range  of 
1,300°  to  1,320®  C.  When  fused,  it  becomes  a  milky  glass  without 
any  yellow  tint. 

PROPERTIES  IN   STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  produces  a  vitreous 
mass  at  1,310°  C.  and  at  1,350°  C.  shows  no  indications  of  warping. 

The  color  is  a  vitreous  white  without  any  distinguishable  cream 
or  blue  tint. 

At  1,350°  C.  the  feldspar  produces  a  translucency  of  0.65,  and 
a  total  shrinkage  of  15.6  per  cent,  3  per  cent  of  which  is  drying 
shrinkage  and  12.6  per  cent  firing  shrinkage. 

KAOLINS. 

KaoliQ,  or  white-burning  residual  clay,  varies  more  or  less  in  its 
physical  and  chemical  properties,  depending  on  the  rock  of  which 
it  was  a  disintegration  product.  When  freed  from  the  other  residual 
material  with  which  it  is  almost  invariably  mixed,  its  chemical  com- 
position approaches  very  closely  that  of  the  mineral  kaoUnite. 


Mnmra  AKD  InEtEATMEKt  Of  FELDSPAB  AND  KAOUN.  37 

Eaolinite  has  the  formula  Al2Os.2SiO3.2H3O,  which,  expressed  in 
percentages,  is  as  follows: 

CompoiUum  of  kaolinite. 

SiO, 46.3 

AljO, 39.8 

H,0 13.9 


Specific  gravity,  2.6. 


100.0 


An  ultimate  chemical  analysis,  hy  which  the  percentage  of  each 
component  of  the  kaolin  is  determined,  is  valuable  as  indicating  the 
impurities  present  and  the  proportions  in  which  the  various  com- 
ponents are  present,  but  without  additional  data  in  regard  to  the 
physical  properties  and  the  mineral  composition  of  the  kaolin  one 
can  form  Uttle  idea  from  such  an  analysis  of  the  actual  commercial 
value  of  the  material.  The  following  analyses  show  how  similar 
may  be  the  chemical  composition  of  a  kaolin,  a  fire  clay,  and  a 
ball  clay. 

Analyses  0/  North  Carolina  kaoliny  fire  day,  and  bdU  clay. 


[Analyaes  ot  kaoHn  and  fire  day  by  Rlea. 

Analysis  of  ball  day  by  Edward  Orton.] 

Constituent.  - 

North 

CarDlina 

kaolin. 

Fire  day. 

Ball  day. 

SiO, 

45.40 

37.34 

1.02 

.44 

.20 

.52 

13.06 

45.20 
40.36 
.61 
.037 
.015 
.136 
13.606 

4S.M 

AW)i. 

36.60 

FejOi....*. .'."!.. "'.'.. "'.'..! 

.35 

CiO 

.47 

MzO : 

.71 

AftnlW                                                                 

1.28 

Water  of  oombtRAtion             - 

12.14 

Total 

00.78 

00.056 

100.58 

The  physical  tests  show  the  following  results: 

Physical  tests  of  North  Carolina  ibaoZtn,  fire  dayy  and  ball  clay. 


lUterial 

North  CaraUna  kaolin. 

Fire  clay. 

Ball  clay. 

Shftnkap            

Percent. 

Air 4 

Fire. 8.5 

Percent. 

Air. 6 

Fire 3 

Total 0 

Percent. 
Air 8 

Fire 11 

Total 12.5 

Total 10 

Color 

White. 

Oray. 

Cream. 

It  IS  generally  understood  that  the  content  of  iron  oxide  is  a 
gage  of  the  color  of  the  burned  day,  but  here  is  a  kaolin  with  1.92 
per  cent  oxide  of  iron  burning  a  pure  white,  although  a  fire  clay  with 
0.51  per  cent  oxide  of  iron  bums  gray  and  a  ball  clay  with  0.35 
per  cent  oxide  of  iron  bums  cream. 
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The  shrinkage  also  shows  the  same  great  variation,  the  ball  clay 
having  more  than  twice  the  shrinkage  of  the  fire  clay  and  the  kaolin 
falling  between  them.  The  tensile  strength  of  these  clays  varies 
as  greatly  as  their  other  properties.  In  the  air-dry  state  the  fire 
clay  will  hardly  hold  itself  together  and  is  generally  worked  with 
some  more  plastic  clay  as  a  bond.  The  kaolin  may  hold  40  to  45 
per  cent  of  nonplastic  material  together,  but  even  when  pure  it  has 
too  little  bonding  strength  and  must  be  handled  carefully.  The 
ball  clay  is  remarkably  tough  and  will  carry  70  to  80  per  cent  non- 
plastic  material  and  produce  a  strong  air-dry  product. 

From  the  foregoing  statement  it  is  apparent  that  for  the  com- 
parison of  clays  from  widely  differing  sources  the  chemical  analysis 
has  only  a  limited  value.  However,  where  the  clays  being  com- 
pared are  of  similar  origin  the  chemical  analysis  is  of  great  value 
and  may  furnish  a  means  of  explaining  otherwise  unaccountable 
irregularities.  For  the  processes  of  chemical  analysis  of  clay  see 
United  States  Geological  Survey  Bulletin  422,  "The  analysis  of 
silicate  and  carbonate  rocks,'*  by  W.  F.  Hillebrand.  Manifestly 
the  chemical  analysis  is  valuable  only  when  the  samples  have  been 
taken  so  as  to  fairly  represent  the  deposit. 

When,  as  in  the  present  case,  the  material  under  investigation 
is  not  completely  altered,  the  rational  analysis  is  a  valuable  aid. 
Pure  kaolin  is  known  to  be  decomposed  by  sulphuric  acid,  but  feld- 
spar and  quartz  are  only  slightly,  if  at  all,  attacked  in  a  carefully 
made  rational  analysis.  This  difference  furnishes  a  means  of  divid- 
ing the  feldspathic  material  and  quartz  from  the  kaolin.  Mica,  if 
present,  causes  confusion  because  it  is  decomposed  by  sulphuric 
acid  and  hence  is  taken  out  with  the  kaolin. 


BATIONAI.   ANALYSIS   OF   CLAY. 


BOLLENBACH   METHOD.^! 


One  gram  of  the  clay  is  placed  in  a  400-c.  c.  Erlenmeyer  flask  of 
good  glass.  Twenty  cubic  centimeters  of  water  and  a  few  drops  of 
sodium  hydroxide  are  added  and  the  mixture  thoroughly  cooked. 
The  mixture  is  cooled  rapidly  and  10  to  15  c.  c.  of  concentrated  sul- 
phuric acid  is  added  cautiously.  The  flask  is  shaken  vigorously 
while  the  acid  is  being  added,  to  insure  its  thorough  distribution. 
If  the  liquid  becomes  dark  in  color,  indicating  the  presence  of  organic 
matter,  1  to  3  c.  c.  of  nitric  acid  is  added. 

The  flask  should  now  be  covered  with  a  small  filter  funnel  and 
placed  on  a  sand  or  air  bath,  where  it  will  heat  very  gradually.  Par- 
ticles of  clay  that  in  the  cooking  become  attached  to  the  sides  of  the 
flask  should  be  returned  to  the  liquid  by  carefully  shaking  the  flask. 

aBollenbach,  H.,  Rational  analysis  of  clay:  Sprechsaal,  1906,  No.  25,  pp,  340-343,  No.  26,  pp.  351-354. 
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Toward  the  end  of  the  cooking  the  flask  becomes  filled  with  white 
sulphuric-acid  fumes.  As  soon  as  the  fumes  are  visible  the  flask 
should  be  removed  from  the  fire.  The  solution  should  be  carefully- 
diluted  with  water  to  three  times  its  volume  and  cooled.  Ammonium 
hydroxide  is  added  drop  by  drop,  the  flask  being  shaken  to  insure 
thorough  mixing,  until  the  solution  smells  distinctly  of  ammonia  or 
an  added  indicator  shows  a  permanent  alkaline  reaction.  The  pre- 
cipitate is  transferred  to  a  large  filter  and  washed  thoroughly  with 
hot  water.  Dilute  hydrochloric  acid  is  added  to  the  precipitate  to 
dissolve  the  aluminum  and  iron  hydroxides  and  the  calcium  and 
magaesium  carbonates.  The  solution  is  collected  In  a  250-c.  c. 
graduated  flask,  cooled,  had  filled  up  to  the  mark.  After  thorough 
shaking,  100  c.  c.  is  drawn  oflf  with  a  pipette  and  cooked  to  dryness 
in  a  platinum  dish.  The  dry  residue  is  heated  one-half  hour  at  1 20°  C. ; 
any  silica  that  has  been  taken  into  solution  by  the  digesting  with 
hydrochloric  acid  is  thus  rendered  insoluble.  After  cooling,  the 
residue  is  moistened  with  5  to  10  c.  c.  of  concentrated  hydrochloric 
acid  and  allowed  to  stand  a  few  minutes.  By  adding  hot  water,  the 
chlorides  of  aluminum,  iron,  and  calcium  are  dissolved.  The  silica 
is  filtered  off,  washed,  ignited,  and  weighed.  The  iron  and  alumina 
are  precipitated  from  the  filtrate  by  the  addition  of  ammonium 
hydroxide.  The  precipitate  is  filtered  off,  washed,  ignited  to  con- 
stant weight,  and  weighed  as  AlaOj  +  FejOj. 

In  most  cases  there  is  no  calcium  present  in  the  precipitate.  Only 
when  the  clay  contains  more  than  20  per  cent  calcium  carbonate  is 
a  reprecipitation  of  the  alumina  and  iron  necessary.  If  iron  is  pres- 
ent in  small  amount,  its  separate  determination  is  unnecessary.  If 
present  in  excess  of  1.5  per  cent,  it  should  be  determined  volumetri- 
cally  in  another  100  c.  c.  of  the  original  solution. 

The  clay  substance  is  calculated  from  the  amount  of  AI3O3  found. 
Smee  only  two-fifths  of  the  original  gram  was  used  in  this  deter- 
mination, it  is  necessary  to  multiply  the  Al^Oj  found  by  6.336  to  find 
the  amount  of  clay  substance  in  the  original  1-gram  sample. 

The  calcium  may  be  precipitated  from  the  filtrate  after  the  alumina 
and  iron  precipitate  has  been  removed  and  calculated  as  lime,  or  if 
the  ultimate  analysis  so  indicates,  as  gypsum. 

The  mica  in  mica-bearing  clays  may  be  calculated  from  the  alkali 
present,  the  alkali  being  determined  by  the  method  devised  by 
J.  Lawrence  Smith. 

DETERMINATION  OP  FELD8PATHIC  MATTER  BY  CALCULATION  FROM  SILICA  PRESENT  IN 

THE   SILICEOUS   RESIDUE. 

The  siliceous  residue  from  the  sulphuric-acid  treatment  described 
above  has  been  carefully  washed,  dried,  and  weighed.  Five  times  its 
weight  of  normal  sodium  carbonate  is  added  and  is  thoroughly  mixed 
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in  a  20  to  30  gram  platinum  crucible.  The  crucible  is  covered  and 
placed  over  a  small  Bunsen  flame  until  the  mass  is  heated  through, 
when  the  flame  may  be  gradually  increased,  but  care  must  be  taken 
that  no  violent  boiling  occurs.  After  the  fusion  is  practically  com- 
pliete  and  the  liquid  becomes  quiet,  the  crucible  should  be  placed  over 
the  blast  lamp  for  a  few  minutes.  Then  the  crucible  is  removed  from 
the  flame  and  by  carefully  tilting  it  from  side  to  side  the  mass  is 
distributed  over  the  inside  of  the  crucible  and  not  allowed  to  solidify 
in  a  cake  in  the  bottom.  After  cooling,  the  crucible  containing  the 
fused  material  is  placed  in  a  beaker  with  some  water  and  chemically 
pure  hydrochloric  acid  is  added  in  excess.  The  beaker  is  covered  and 
placed  on  the  water  bath,  where  it  is  digested  until  disintegration  is 
complete.  The  contents  of  the  beaker  and  crucible  are  now  trans- 
ferred to  a  platinum  or  porcelain  dish,  the  particles  adhering  to  the 
crucible  being  loosened  by  the  aid  of  a  blunt  glass  rod.  The  solution 
is  evaporated  to  dryness  on  the  water  bath,  redissolved  in  concen- 
trated hydrochloric  acid,  and,  after  heating  15  minutes,  diluted  with 
an  equal  amount  of  water  and  again  evaporated  to  dryness.  The 
dry  residue  is  soaked  with  hydrochloric  acid  for  15  minutes,  then 
diluted  with  an  equal  amount  of  water,  covered,  and  placed  on  the 
water  bath  for  one-half  hour,  after  which  it  is  diluted  with  water  and 
filtered.  The  liquid  should  be  decanted  onto  the  filter  and  the  silica 
that  is  left  in  the  bottom  of  the  dish  should  be  washed  onto  the  filter 
with  cold  water  or  dilute  hydrochloric  acid.  After  thorough  washing 
with  hot  water,  the  silica  is  removed  to  a  crucible  and  ignited  by  a 
strong  blast  for  20  to  30  minutes;  then  cooled  and  weighed.  The 
calculation  of  feldspathic  matter  proceeds  as  follows: 

The  original  amount  of  siliceous  residue  minus  the  silica  just  deter- 
mined gives  the  flux  and  alumina  present  in  the  feldspar,  that  is — 

siliceous  residue — Si02= RO + AI2O3. 

In  potash  feldspars  the  following  proportion  obtains: 

(RO-hAljOj):  feld8par=l:  2.837, 

and,  since  the  potash  feldspar  is  always  used  in  such  calculations,  it 
is  only  necessary  to  multiply  the  difference  between  the  total  siliceous 
residue  and  the  silica  as  determined  by  2.837.  The  result  is  the 
feldspathic  matter  in  the  siliceous  residue  and  the  remainder  of  the 
siUceous  residue  may  safely  be  considered  as  free  silica. 

This  method  has  been  employed  in  ceramic  determinations  and 
has  been  found  thoroughly  satisfactory  where  a  rational  analysis  only 
is  desired. 


MINING   AND  TBEATMENT  OP  FELDSPAR  AND  KAOLIN.  41 

DETERMINATION   OP  FELD8PATHIC   MATTER  BT  CALCULATION  FROM  ALUMINA   PRESENT 

IN  THE   SILICEOUS   RESIDUE. 

For  this  determination  the  same  process  is  followed  as  for  the 
determination  from  silica  present.  The  filtrate  from  the  silica,  how- 
ever, is  brought  to  boiling  in  a  large  beaker  of  good  glass  and  NH^OH 
is  added  carefully  until  the  odor  indicates  an  excess.  Boiling  is  con- 
tinued for  a  few  minutes,  the  precipitate  is  allowed  to  settle,  and  the 
alumina  and  iron  oxide  are  filtered  quickly  and  washed  with  hot 
water.  In  filtering,  the  precipitate  should  be  allowed  to  settle  and  the 
dear  liquid  decanted  off  first,  as  otherwise  the  filtering  of  the  alumina 
is  a  slow  process.  The  precipitate  is  dried,  ignited,  and  weighed  as 
AljOj  +  FcjOj.  The  iron  oxide,  if  present  in  large  amount,  as  in- 
dicated by  a  heavy  dark-brown  precipitate,  should  be  determined 
separately  as  outlined  in  the  ultimate  analysis,  but  in  most  in- 
stances it  may  be  safely  included  with  the  alumina. 

The  ratio  of  the  Al^Oj  to  total  potash  feldspar  is  1 : 5.451 . 

The  feldspar  thus  calculated  is  deducted  from  the  total  sihceous 
residue  and  the  difference  is  considered  as  free  silica. 

In  case  the  feldspar  present  is  imaltered,  a  microscopic  investigation 
win  disclose  the  fact  and  will  also  reveal  the  presence  of  mica,  quartz, 
and  other  impurities.  The  rational  analysis  indicates  the  degree 
of  kaolinization  in  that  it  divides  the  soluble  from  the  insoluble 
portion.  The  microscopic  analysis  indicates  whether  the  alkali 
should  be  figured  as  feldspar  or  as  mica,  or  as  neither. 

IMPURrriES   OF   KAOLIN. 

Kaolins  produced  by  alteration  of  the  feldspars  of  the  dikes  in  the 
region  investigated  naturally  vary  more  or  less  because  of  variations 
in  the  composition  of  the  dikes  and  the  extent  of  kaolinization. 

The  most  serious  impurity  in»these  dikes,  as  in  all  kaolin  deposits, 
is  iron  stain,  which  is  present  in  two  forms,  as  explained  in  the  descrip- 
tion of  the  dikes.  The  iron  stain  from  infiltrated  surface  water  is  not 
serious,  but  when  iron-bearing  gneiss  or  schists  occur  as  inclosed 
masses  in  the  kaolinized  dike,  its  removal  without  contaminating  the 
surroimding  material  demands  great  care. 

Muscovite  alters  slowly  and  it  is  generally  found  in  the  fresh  state. 
Where  present  as  large  crystal  masses  it  can  be  easily  removed  and 
made  a  source  of  profit  in  connection  with  kaolin  mining.  Where 
present  as  very  small  crystak  or  where  the  lai^e  masses  have  been 
broken  by  improper  mining  or  refining  methods  its  complete  separa- 
tion from  the  kaolin  is  difficult,  and  its  presence  may  reduce  the 
market  value  of  the  kaolin  considerably.  The  separation  of  this  fine 
mica  will  be  discussed  later. 
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Biotite  alters  much  more  readily  than  muscovite,  but  in  the  kaolin- 
ized  dikes  studied  it  is  rarely  disint^rated  to  such  an  extent  as  to 
impair  seriously  the  value  of  the  kaolin.  When  finely  divided  or 
broken  into  small  fragments  its  separation  from  the  kaolin  is  as  diffi- 
cult as  is  the  separation  of  muscovite  and  its  presence  affects  the 
market  value  of  kaolin  even  more  seriously  than  does  muscovite. 

The  iron  garnets  of  the  original  rock  are  generally  completely 
altered  in  the  residual  mass  and  show  as  brown  spots  in  the  white 
finely  divided  qilartz  and  kaolin.  Since  their  coloring  power  is 
enormous  the  presence  of  a  great  number  of  such  spots  renders  that 
part  of  a  deposit  valueless,  since  the  garnets  disintegrate  with  the 
kaolin  in  water  and  stain  the  entire  product.  When  not  too  numerous 
these  brown  spots  may  be  removed  by  hand  sorting,  which  is  of 
course  an  expensive  operation. 

REFRACTORY  VALUE  OF  A  KAOLIN. 

The  refractory  value  of  a  kaolin  is  determined  by  the  same  method 
as  is  used  for  determining  the  deformation  point  of  a  feldspar.  In 
fact  the  difference  between  the  two  tests  is  mainly  a  matter  of 
relative  temperatures. 

The  form  used  for  determining  the  refractory  value  is  a  cone  of 
smaller  dimensions  than  that  used  for  feldspar  studies.  Its  height  is 
1  inch  and  the  cross  section  of  its  base  is  -^  inch.  (See  fig.  2, 
p.  22.)  It  terminates  in  a  point.  The  placiag  and  testing  of  the 
cones  and  the  recordiag  of  the  refractory  values  are  the  same  as  set 
down  for  the  feldspar  tests  and  need  not  be  repeated.  S^er  cone 
35  is  pure  kaolin  and  has  a  deformation  temperature  of  1,830°  C. 
Crude  kaolins,  however,  rarely  possess  a  deformation  temperature  as 
high  as  this  and  the  purest  specimens  rarely  withstand  a  higher  tem- 
perature than  cone  34  (1,810°  C),  hence  it  is  wise  to  place  cones 
with  deformation  temperatures  of  1,700°  to  1,830°  C.  in  the  furnace 
with  the  trial,  and  thus  determine  at  one  test  what  may  otherwise 
require  several  tests. 

Beryl,  if  present  in  a  kaolin  deposit,  is  not  detectable  except 
where  the  deposit  is  not  completely  kaoliaized  and  the  crystalliza- 
tion of  the  beryl  renders  it  noticeable.  It  seems  to  display  about 
the  same  resistance  to  weathering  as  does  the  feldspar. 

Tourmaline  is  not  found  in  any  kaollnized  dike  studied,  and  no 
record  of  its  effect  on  the  color  of  kaolin  is  available  except  as  stated 
(see  p.  31).  If  present  in  a  deposit  of  feldspar  or  kaolin  tourmaline 
would  demand  attention  and  careful  removal,  as  its  staining  power 
is  about  the  same  as  that  of  biotite  mica. 

Manganese  and  cobalt  oxides  are  found  directly  associated  with 
the  kaolin  in  only  one  deposit  within  the  region  studied  and  there 
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they  are  present  in  such  small  quantity  as  not  to  affect  the  market 
value  of  the  deposit. 

Aside  from  the  effect  on  the  kaolin  of  the  associated  minerals  just 
discussed,  the  most  serious  consideration  is  the  effect  of  the  degree 
of  kaolinization.  This  does  not  affect  the  color  of  the  kaolin  but 
does  affect  its  vitrifying  and  its  deformation  temperature,  its  plas- 
ticity, and  especially  its  shrinkage.  Since  the  shrinkage  must  be 
provided  for  in  making  all  clay  products,  any  variation  in  it  is  a 
serious  matter. 

SHRINKAGE. 

In  the  kaolin  deposits  studied  the  variation  in  shrinkage  appears 
to  be  the  most  serious  hindrance  to  greater  development  and  for 
that  reason  demands  carefid  investigation.  Within  the  region  in- 
vestigated the  variation  in  shrinkage  of  material  from  deposits  being 
worked  ranges  from  6  to  1 1.4  per  cent.  An  especially  selected  highly 
kaolinized  sample  has  a  shrinkage  of  15.6  per  cent. 

To  prove  that  the  variation  in  shrinkage  is  actual  and  not  due  to 
differences  in  test  conditions,  commercial  samples  were  taken  at  the 
various  washing  plants.  The  combined-water  content  and  the 
degree  of  fineness  were  determined,  and  the  samples  were  made  into 
trials  and  fired  together  to  cone  6. 

The  data  obtained,  which  are  shown  in  the  accompanying  table, 
prove  conclusively  that  every  kaolin  in  the  list  has  been  thoroughly 
washed.  There  is  no  relation,  however,  between  combiaed-water 
content  and  shrinkage,  nor  between  shrinkage  and  the  amount  of 
free  water  necessary  to  work  the  kaolin. 

Relative  shrinkage  of  commercial  kaolins. 


Combined- 
water 
oontaat. 

Material  finer  than  200  mesh. 

Deposit. 

Per  cent. 

Water 
required 
to  work. 

Shrinkage, 
wet  to 
110*  C. 

Shrinkage, 

iw  cTto 

1,2S0«  C. 

Total 
shrinkage. 

B 

Percent. 
12.2 
12.1 
12.1 
12.1 
12.1 
13.7 

99.10 
99.73 
98.01 
99.73 
99.73 
96.72 

Percent. 
52 
42 
56 
49 
64 
49 

Percent. 
4.8 
4.0 
4.4 
5.0 
1.0 
2.6 

Percent. 
6.7 
5.6 
6.4 
6.4 
6.0 
6.4 

Percent. 
10.5 

n 

9.6 

37......      

» 

9.8 
11.4 

16 

6.0 

57 

8.0 

For  the  purpose  of  determining  whether  the  shrinkage  varies 
uniformly  with  depth  in  a  deposit  a  series  of  samples  was  taken  at 
points  near  the  surface  of  several  especially  well-exposed  deposits. 
Another  series  of  samples  was  taken  from  the  lowest  accessible  min- 
ing level  of  the  same  deposits.  The  accompanying  table  shows  the 
combined-water  content,  the  proportion  of  the  various-sized  grains 
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in  the  sample  taken,  and  the  shrinkage  at  the  various  stages  of 
manufacture. 

Variation  of  physical  properties  of  haolins  with  depth  of  deposit. 


Deposit. 


K3. 
K3. 
KO. 
K9. 
K58 
K58 
K12 
K12 
K82 
K82 


Location 
in  deposit. 


Bottom. 

Top 

Bottom. 

Top 

Bottom . 

Top 

Bottom. 

Top 

Bottom . 
Top 


Combined- 
water 
content. 


Percent. 
14.20 
13.00 
12.64 
11.32 
12.83 
11.60 
10.00 
10.33 
11.26 
11.17 


Coarser 

tlianlOO 
mesh. 


Percent. 
24.10 
6.56 
22.51 
46.80 
82.53 
75.40 
42.20 
21.44 
29.52 
15.30 


Between 

100  and  200 

mesh. 


Percent. 
8.14 

10.34 
6.02 
7.16 
6.07 
8.29 
8.08 
5.00 

13.00 
5.60 


Material  finer  than  200  mesh. 


Shrinkage, 

Stirinkage, 

wet  to 

IW  to 

IW  C. 

1330*  C. 

Percent. 

Percent. 

3.6 

5.4 

2.8 

6.8 

5.0 

6.8 

6.0 

6.4 

4.4 

7.4 

3.0 

4.8 

4.4 

9.2 

3.6 

5.4 

3.6 

7.6 

4.4 

6.0 

Total 
shrinkage. 


Percent. 
9.0 
9.6 

11.8 
12.4 
11-8 

9.8 
13.6 

9.0 
11.2 
10.4 


A  study  of  this  table  indicates  that  there  is  a  marked  variation  in 
shrinkage  between  the  top  and  the  deeper  portions  of  these  dikes,  but 
in  general  the  variation  is  not  so  great  as  that  between  diflFerent 
deposits.  The  variation  in  deposits  is  as  marked  in  this  series  of 
samples  as  it  is  in  the  commercial  samples. 

For  the  purpose  of  determining  the  influence  of  fineness  of  grain  on 
the  shrinkage,  a  number  of  samples  were  washed  through  a  lOO-mesh 
sieve  and  through  a  150-mesh  sieve  and  separated  by  elutriation. 
The  materials  obtained  from  the  samples  were  made  into  test  wedges 
and  fired  at  cone  9  for  24  hours. 

The  results  show  that  one  of  the  kaolins  washed  through  a  lOO-mesh 
sieve  has  a  shrinkage  of  10  per  cent.  If  washed  through  a  150-mesh 
sieve  the  same  kaolin  has  a  shrinkage  of  11.6  per  cent.  If  subjected 
to  a  floating  separation  so  that  33  per  cent  of  the  150-mesh  material 
is  removed,  the  shrinkage  is  increased  to  12.2  per  cent. 

Another  kaolin  treated  in  a  similar  manner  had  a  shrinkage  of  9.8 
per  cent  when  a  lOO-mesh  sieve  was  used,  12.4  per  cent  when  a  150- 
mesh  sieve  was  used,  and  12.8  per  cent  when  30  per  cent  of  the 
coarsest  of  the  material  finer  than  150-mesh  was  removed. 

These  results  show  the  direct  eflfect  exerted  by  size  of  grain  on  the 
shrinkage. 

In  many  deposits  all  the  material  passing  the  lOO-mesh  sieve  is 
practically  pure  kaolin,  hence  it  is  possible,  in  case  the  size  of  grain 
may  safely  be  increased,  to  lessen  the  shrinkage  by  using  sieves  with 
coarser  mesh. 

COLOE. 

The  color  of  kaolins  has  never  been  standardized  and  hence  the 
classification  of  samples  in  regard  to  color  can,  for  the  present,  be 
only  temporary.  The  real  values  of  this  classification  must  be 
assigned  after  a  standard  process  has  been  devised  and  accepted. 
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For  the  present  investigation  the  following  process  has  been  chosen 
as  permitting  of  the  easiest  correlation  to  any  standard  color  scale  that 
may  be  adopted  later. 

A  quantity  of  kaolin  absolutely  free  from  stain  of  any  description 
from  the  r^on  examined  was  selected  by  careful  hand  picking. 
A  part  was  carefully  washed  in  distilled  water  and  made  into  briquets 
by  identically  the  same  process  used  in  making  the  samples  tested. 
These  briquets  were  fired  with  the  samples  and  thus  a  color  standard 
was  provided  which  for  convenience  is  called  grade  1 . 

The  selected  kaolin  has  the  following  chemical  composition : 

Composition  of  kaolin  taken  to  obtain  grade  1  color. 

H,0 13.22 

SiOa 46.67 

AljOa 39. 07 

FejO, 11 

TiOj 02 

CaO trace. 

MgO trace. 

NajO 11 

KjO 26 

99.45 

A  standard  English  china  clay  was  taken  as  the  standard  kaolin 
against  which  these  kaolins  must  be  checked  in  standard  porcelain 
mixtures,  and  this  china  clay  was  prepared  in  a  manner  similar  to  that 
just  described  and  is  given  a  color  value  of  grade  5. 

This  English  china  clay  has  a  chemical  composition  as  follows: 

Composition  of  English  china  clay  taken  for  grade  5  color. 

H,0 32.42 

SiO;, 46.86 

AI2O3 38. 10 

FCjOs 30 

CaO 46 

MgO 48 

Na,0 30    . 

KaO 1.18 

100.10 

The  color  classification  was  based  upon  these  two  standards  and 
extended  beyond  grade  5  when  necessary. 

In  order  to  provide  as  nearly  as  possible  a  uniform  surface  for  the 
study  of  the  color  of  the  samples,  the  color  trials  are  all  struck  oflf  to  a 
smooth  surface  with  a  spatula. 

The  classification  of  the  various  sampled  kaolins  has  been  accom- 
plished by  a  series  of  optical  studies.  After  each  study  the  samples 
are  thoroughly  mixed  together  and  the  following  day  again  classified. 
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A  classification  based  on  three  trials  with  the  same  results  has  been 
accepted  as  final. 

This  method  is  recognized  as  faulty  because  of  optical  errors,  but 
is  the  most  satisfactory  one  available  pending  the  establishment  of  a 
standard  color  scale  for  kaolins. 

TENSILE   STRENGTH. 

The  tensile  strength  of  the  kaolin  is  determined  in  the  following 
manner: 

The  washed  kaolin  is  mixed  with  water  to  form  a  thick  paste,  in 
which  condition  it  is  poured  on  a  damp  plaster  slab.  When  "leather" 
dry  (approximately  12  per  cent  moisture)  it  is  cut  by  means  of  a 
sharp  die  into  blanks  of  the  shape  and  size  of  a  cement  briquet, 
as  shown  in  figure  6. 
These  blanks  are  pressed  into  a  standard  jcement-briquet  mold 

and  set  away  to  air-dry.  After  air-drying  the 
briquets  are  tested  on  a  standard  cement-testing 
machine  for  air-dry  tensile  strength. 

LABORATORY  WASHING  PROCESS  FOR  KAOLIN. 

In  preparing  kaolin  for  testing,  the  problem 
is  to  wash  the  small  samples  in  the  laboratory 
in  such  a  maimer  that  they  may  possess  the 
same  physical  properties  as  the  kaolin  from  the 
same  deposits  washed  in  a  commercial  plant. 
Therefore  in  order  to  devise  a  suitable  labora- 
tory process,  mechanical  analyses  were  made  of 

FiQUBE  8.— rDment  briquet  iii-i»  •  i«ii'  ii 

crude  kaolin  from  various  deposits  being  worked 

in  the  region  under  investigation.     These  analyses  are  compared  with 

mechanical  analyses  of  the  washed  kaolin  from  the  same  deposits. 

After  an  investigation  of  the  various  other  apparatus  for  the 

mechanical  analysis  of  clays,  the  Schultze  apparatus  was  selected 

because  it  is  the  most  readily  adjusted  and  especially  because  it  is 
simple,  so  that  the  average  operator  can  construct  and  operate  such 

an  apparatus  if  he  desires  and  thus  test  the  deposits  that  he  has 

sampled  before  he  commences  commercial  mining. 

8CHULTZB  ELUTBIATION  APPARATUS. 

The  Schultze  elutriation  apparatus  consists  of  a  series  of  three  jars 
of  diameters  5,  7.5,  and  15  c.  m.,  respectively,  with  conical  bases 
and  straight  sides.  A  quantity  of  kaolin  is  placed  in  the  smallest 
jar  into  the  base  of  which  water  under  a  given  head  is  admitted. 
(See  PI.  VII.)     The  current  rising  through  the  jar  conveys  all  particles 
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that  it  can  support  into  a  tube  connecting  with  the  base  of  the 
second  jar.  This  jar  being  of  greater  cross-sectional  area,  the  water 
rises  through  it  at  a  slower  rate  than  the  water  in  the  first  jar.  Some 
of  the  particles  supported  by  the  current  in  the  first  jar,  and  carried 
over  to  the  second,  are  too  heavy  for  the  weaker  current  in  the  sec- 
ond jar  and  fall  to  the  bottom.  The  overflow  from  the  second  jar 
is  conveyed  by  a  tube  to  the  base  of  the  third  jar,  which  is  of  greater 
diameter  than  the  second  jar.  In  this  jar  the  separation  of  still 
smaUer  particles  is  effected  and  material  fine  enough  to  be  supported 
by  the  current  flowing  up  through  the  third  jar  is  conveyed  to  a 


I 


Reservoir 


(^5cm-»|     g 


No.  4  Jar 
Overflow 


ftautx.  7.— Schnltze  elutriafcian  apparatus:    Flow,  4.4  c.  c.  per  second:  hydraulic  values,  No.  1  Jar,  0.225; 

No.  2  Jar,  0.100;  No.  3  jar,  0.025. 

fourth  jar,  where  it  settles.  In  this  way  the  original  sample  is  di- 
vided into  four  portions  that  differ  in  fineness. 

Since  the  particles  removed  by  the  different  jars  of  this  apparatus 
will  be  determined  by  their  size,  shape,  and  specific  gravity,  and  also 
by  the  rate  of  flow  of  water  in  the  apparatus,  the  various  divisions 
of  particles  are  expressed  in  hydraulic  values. 

The  hydraulic  value  of  a  given  particle  of  any  material  is  the  rate 
of  vertical  flow  of  water,  expressed  in  cubic  centimeters  per  second, 
necessary  to  sustain  that  particle  in  suspension  in  water. 

80421'*— BuU.  53—13 4 
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The  hydraulic  value  is  determined  as  follows: 

Volume  overflow  per  second  expreased  in  cubic?  centimeterB. 
Hydraulic  valuea=Qj.^jgg_g^|.^Q^j^2  ^^j^^^^  ^j  elutriator  expreased  in  square  centimeters. 

The  Schultze  apparatus,  when  operated  with  a  flow  of  4.42  cubic 
centimeters  of  water  per  second,  has  the  following  hydraulic  values: 

Hydraulic  values. 

No.  1  jar=0.225 
No.  2jar=0.100 
No.  3  jar=0.025 

The  receptacle  for  maintaining  a  constant  head  of  water  flowing 
into  the  first  jar  is  shown  above  the  elutriation  jars.  A  constant 
head  of  50  centimeters  (19fJ  inches)  was  maintained  for  the  following 
investigation,  and  a  flow  through  the  apparatus  of  265  cubic  centi- 
meters per  minute  was  also  maintained. 

The  material,  before  introduction  into  the  elutriation  apparatus, 
was  passed  through  a  sieve  of  200  meshes  per  linear  inch,  thus  remov- 
ing all  coarse  material. 

The  residues  in  the  different  jars  were  carefully  measured  and 
found  to  vary  in  the  first  jar  from  0.00205-inch  diameter  for  mica 
particles  to  0.000274-inch  diameter  for  kaolin,  quartz,  and  feldspar 
particles.  In  the  second  jar  the  residue  varied  from  0.000685-inch 
diameter  for  mica  particles  to  0.000137-inch  for  kaolin,  quartz,  and 
feldspar  particles.  In  the  third  jar  the  residue  varied  from  0.000274 
inch  for  mica  particles  to  0.000069-inch  for  kaolin,  quartz,  and 
feldspar  particles. 

The  overflow  jar  contained  particles  of  a  maximum  size  of  0.000274 
inch. 

Mechanical  analyses  of  crude  and  washed  kaolins. 


Deposit. 

200-mesh  resi- 
due. 

No.  1  Schultee 
residue. 

No.  2  Schultze 
residue. 

No.  3  Schultze 
residue. 

No.  4  Schultze 
residue. 

Grade. 

Washed. 

Grade. 

Washed. 

Grade. 

Washed. 

Grade. 

Washed. 

Grade. 

Washed. 

83 

Perct. 
18.00 

Perct. 

Perct. 
8.04 

"6.'66** 

**9.*73* 

*'2."ii** 

* '9.928* 
'7.*62" 

Perct. 

Perct. 
28.55 

22.39 

*48.'86*' 

*4i.'i87' 

"50.*  44* ' 

'25*48*  * 

Per  a. 

Perct. 
48.13 

*52.*266' 

*24.*84  * 

*5i'43** 

'i7.*578" 

'67.66* ' 

Perct. 

Perct. 
15.06 

'26.*82** 

*i6.'85** 

■4*267* 

'22.662* 

*  *.*54** 

Per  a. 

83 

0.805 

0.194 

17.784 

81.465 

0.505 

80 

6.00 

80 

.27 

.64 

.517 

75.26 

23.40 

16 

57.'9i5' 

16 

.265 

.135 

23.82 

74.46 

1.535 

39 

27.*565 

39 

.265 

.817 

23.56 

74.267 

1.397 

57 

81.05 

57 

3.275 

.09 

8.618 

63.302 

28.00 

37 

9.475 

37 

1.99 

.92 

25.48 

72.15 

1.50 
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DIBOI788ION  OF  ANALYSES  OF  WASHED  KAOLINS. 

A  study  of  the  mechanical  analyses  of  the  washed  kaolins  indi- 
cates that  only  one  sample  has  more  than  3  per  cent  coarser  than  200 
mesh,  or  0.005  inch  diameter,  and  in  this  sample  the  very  fine  material 
is  in  excess  of  any  other  samples  tested.  The  material  remaining  in 
the  No.  1  jar  is  in  every  case  less  than  1  per  cent  and  the  material 
remaining  in  the  No.  2  jar  is  in  three  cases  between  23.5  and  25.5  per 
cent  of  the  material  finer  than  0.005  inch  diameter. 

The  proportion  of  material  remaining  in  the  No.  3  jar  varies  from 
72  to  77  per  cent  with  one  exception,  when  it  falls  to  63  per  cent,  but 
this  is  more  than  compensated  for  in  this  case  by  the  exceptional 
amount  passing  over  into  the  No.  4  jar.  ' 

Too  fine  a  line  of  division  is  not  permissible,  as  is  indicated  by  the 
study  of  size  of  particles  in  the  various  jars. 

It  may  therefore  be  safely  assumed  that  with  regard  to  the  pro- 
portion of  grains  of  the  different  sizes  the  various  washed  kaolins 
produced  within  the  district  studied  do  not  display  any  marked 
variation. 

A  glance  at  the  mechanical  analyses  of  the  crude  kaolins  indicates 
that  the  separation  by  a  200-mesh  screen  does  not  make  the  product 
comparable  with  the  washed  product  in  any  case.  With  but  one 
exception  the  amount  of  residue  in  the  No.  1  jar  is  6  per  cent  or  over 
and  may  run  as  high  as  11  per  cent,  as  against  less  than  1  per  cent  in 
the  washed  product. 

The  proportion  of  the  crude  kaolin  that  remains  in  the  No.  2  jar  is, 
in  all  but  one  case,  far  in  excess  of  that  found  in  the  washed  kaolins. 
Thus  it  appears  that  the  washing  process  employed  ia  the  region 
investigated  removes  practically  all  that  material  of  the  No.  1  jar 
classification  and  a  considerable  amoimt  of  that  belonging  to  the 
No.  2  jar  classification.  It  will  be  noted  that  some  factory-washed 
kaolins  yield  a  lower  percentage  of  material  in  No.  4  jar  than  is 
obtained  in  that  jar  from  crude  kaolin  of  the  same  deposit.  The 
shortage  in  No.  4  jar  corresponds  to  an  excess  in  No.  3  jar.  This 
difference  may  be  explained  by  the  fact  that  throughout  this  region 
alum  is  used  as  an  aid  in  concentrating  the  slip;  the  fine  particles  are 
thus  coagulated  and  settle  more  readily  than  they  would  otherwise. 

The  proportion  of  the  No.  2  jar  classification  that  must  be  removed 
in  order  to  obtain  absolutely  comparable  results  varies  with  different 
deposits;  hence  the  establishment  of  a  uniform  process  for  the  dupli- 
cation of  all  the  washed  kaolins  is  not  to  be  considered  and  a  single 
uniform  process  must  be  accepted  and  followed  for  all  kaolins. 

In  order  to  determine  whether  the  residues  in  the  different  jars  of 
the  Schultze  apparatus  vary  in  physical  properties,  a  quantity  of 
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average  crude  kaolin  was  screened  through  a  200-mesh  sieve,  then 
mechanically  analyzed,  and  the  residues  tested.  The  results  were  as 
follows: 

Physical  UsU  on  SchuUze  elutriator  retiduea. 


Combtned-water  content 

Minimum  free  water  for  molding 

Air  shrinkage  of  briquets  made  with  minimum  water. 
Total  shrlnkiBge  at  1^**  C.  of  briquets  made  with  mini- 
mum water 


No.  1  Jar. 


Percent, 
12.31 


No.  2  Jar. 


Percenl, 
13.48 
56.6 
.6 

5.4 


No.  8  Jar. 


Percent, 
13.37 
63.3 
.6 

6.6 


No.  4  Jar. 


Percent. 
14.19 
46.0 
4.0 

12.2 


The  physical  properties  apparently  do  not  vary  greatly  with  the 
size  of  grain  except  with  regard  to  shrinkage,  and  this  is  excessive 
only  in  the  very  fine  material.  Provided  the  percentage  content  of 
the  No.  4  jar  remains  constant,  any  variation  in  content  of  the  No.  2 
and  No.  3  jars  will  not  seriously  affect  results. 

A  microscopic  study  of  the  different  divisions  of  particles  indicates 
that  mica  is  present  only  in  the  No.  1  and  No.  2'jars,  and  in  No.  2 
jar  is  present  only  as  a  few  scattered  particles.  Quartz  is  also  present 
in  No.  1  and  No.  2  jars,  but  its  presence  in  No.  2  jar  does  not  exceed 
1  per  cent. 

Feldspar  is  present  in  decreasing  quantity  from  jar  No.  1  to  jar 
No.  3,  being  present  in  No.  3  only  as  a  few  scattered  particles  that  do 
not  show  any  cleavage  lines  and  are  apparently  far  advanced  in  kaolin- 
ization. 

Since  the  object  of  washing  is  merely  to  remove  impurities,  and 
especially  those  of  relatively  large  dimensions,  it  seems  logical  to 
remove  all  the  coarse  material  possible  by  sifting.  In  commercial 
operations  the  sieve  is  used  to  supplement  elutriating  and  floating. 
Thus  the  plates  of  mica  present  in  the  crude  kaolin  are  treated  for  a 
longer  time  with  the  kaolin  and  fine  sand  and  are  more  broken  and 
pulverized,  resulting  in  a  greater  amount  of  fine  mica  in  the  finished 
product  than  if  the  sieve  were  used  first. 

As  a  guide  to  the  selection  of  a  sieve  for  the  separation  of  the 
coarse  particles  from  kaoliii  prior  to  elutriation,  sieve  tests  were  run 
on  five  kaolins  from  the  region  investigated.  The  data  obtained  are 
as  follows: 

Sieve  aeparations  of  crude  kaolina. 


Test. 

Residue  on 

40-mesh 

sieve. 

Residue  on 

100-mesh 

sieve. 

ResLdoeon 

UO-mesh 

sieve. 

Residue  on 

300-mesh 

sieve. 

Material 

300-mesh 
sieve. 

A 

PereeiU, 
61.30 
38.14 
3a  00 
13.35 

Percent, 
15.08 
34.75 
16.33 
31.63 
31.83 

Percent 
6.50 
6.58 
15.33 
9.30 
5.36 

Percent 
3.60 
.50 
1.75 
3.56 
1.34 

Percent, 
33.67 

B 

40lOB 

c 

46.61 

d::; 

54.37 

ILn:;;:;:::;;;:. ..:.;.. ..::::::::::;::::: 

61.68 
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From  this  mvestigation  it  appears  that  the  proportion  of  coarse 
material  removed  by  a  sieve  of  200  meshes  per  linear  inch  in  addition 
to  that  removed  by  a  sieve  of  150  meshes  per  linear  inch  may  not  be 
expected  to  exceed  2.6  per  cent,  and  this  additional  amount  of  coarse 
material  would  hardly  influence  the  operation  of  the  elutriator.  A 
microscopic  study  of  the  residues  indicates  that  both  the  150-mesh 
and  the  200-mesh  residues  consist  largely  of  mica;  hence  the  removal 
of  mica  prior  to  elutriation  is  desirable.  A  sieve  of  200  meshes 
per  linear  inch  is  recom- 
mended by  the  author  and 
will  be  used  for  ensuing 
investigations.  However, 
the  use  of  a  sieve  of  150 
meshes  per  linear  inch  is 
permissible,  and  if  the 
crude  kaolin  contains 
much  rough  and  coarse 
material  such  a  sieve  will 
be  found  much  more  du- 
rable than  a  finer  one. 

The  operation  of  an  elu- 
triator for  washing  kaolins 
is  based  on  the  supporting 
power  of  arising  current 
of  water,  and  since  the 
quantity  of  water  neces- 
saryiQcreases  as  the  cross- 
sectional  area  of  the  cvlin- 
der,  it  is  advisable  to  use  a 
cyHnderof  as  small  diame- 
ter as  can  be  operated  con- 
veniently. The  grade  of 
material  removed  can  be 
regulated  entirely  by  the 
velocity  or  rate  of  flow  of 
the  current  of  water. 

The  elutriator  designed  especially  for  and  used  in  these  investiga- 
tions is  shown  in  figure  8.' 

The  hydraulic  value  of  the  smallest  particles  desired  to  be  removed 
from  the  crude  kaolin  lies  between  0.225  and  0.100. 

To  determine  the  capacity  of  this  elutriator,  it  was  operated  at 
various  hydraulic  values  between  these  two  extremes,  and  mechanical 
analyses  of  the  kaolins  obtained  were  made  by  means  of  the  standard 
Schultze  elutriator.    The  results  are  as  follows: 


KaoNn 
receptacle 


J_ 


FiouBX  8.— Laboratory  elatriator  operated  at  different  rateeof 
flow:  Flow,  859  c.  c.  per  minute,  hydraolio  yaloe,  0.225;  flow, 
800  c.  c.  per  minute,  hydraulic  value,  0.209;  flow,  700  c.  a 
per  minute,  hydraulic  value,  0. 183;  flow,  650  o.  c.  per  minute, 
hydraulic  value,  0.170;  flow,  600  o.  c.  per  minute,  hydraulic 
value,  0.167;  flow,  600c.  c  per  minute,  hydraulic  value.  0.131. 
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Mechanical  analyses  of  kaolin  washed  by  laboratory  ehUriator  operated  at  different 

velocities. 


Flow 

Mechanical 

analjraes  of  product  by  standard 
Schultse  elutriator. 

through 
cylUufer 

HydraoUc 
value. 

miimte. 

No,  1  resi- 
due. 

No.  2  resi- 
due. 

No.3re8l- 
due. 

Na4iesi- 
doe. 

C,c. 

Percent. 

Percent. 

Percent. 

PercenL 

859 

0,225 

5.23 

81.38 

3a4 

33.00 

800 

.200 

2.42 

27.31 

30.075 

40.20 

700 

.183 

2.07 

21.31 

34.85 

41.77 

650 

.170 

.48 

19.83 

36.18 

43.51 

600 

.157 

.02 

15.03 

36.88 

48.07 

500 

.131 

.025 

10.17 

89.53 

5a  275 

A  study  of  the  results  shows  that  for  this  elutriator  a  hydraulic 
value  of  about  0.170  or  650  cubic  centimeters  per  minute  will  give  a 
product  practically  free  from  particles  of  the  No.  1  Schultze  elutriator 
size  and  will  also  remove  37  per  cent  of  the  largest  particles  in  the 
No.  2  Schultze  elutriator  classification.  The  product  should  very 
closely  resemble  the  average  washed  kaolin  of  the  region,  and  the 
process  will  be  accepted  as  standard  elutriation  for  these  kaolins. 

LABORATORY  KAOUN-WASHINO  PROCESS  IN  DETAIL. 

Based  on  the  foregoing  investigations,  the  following  process  was 
worked  out  as  a  substitute  for  the  kaolin  washing  commercially  prac- 
ticed in  the  region  investigated: 

One  pound  (453.6  grams)  of  the  crude  kaolin  is  weighed  out  and 
carefully  sifted  into  about  IJ  pints  (850  c.  c.)  of  distilled  water  or 
filtered  rain  water,  and  the  whole  thoroughly  stirred  and  allowed  to 
stand  imtil  the  kaolin  has  completely  slaked.  If  the  lumps  do  not 
slake  readily  it  may  be  necessary  to  employ  a  disintegrator,  but  this 
should  never  be  a  ball  or  tumbler  mill,  as  such  a  mill  tends  to  pulverize 
the  mica  present.  When  the  use  of  a  disintegrator  is  necessary, 
an  agitator  with  a  speed  of  not  over  50  revolutions  per  minute  is 
recommended. 

For  laboratory  use  a  modem  household  chum  of  small  capacity 
(see  B,  PI.  VI)  makes  an  excellent  agitator.  The  kaolin  to  be 
disintegrated  should  be  allowed  to  stand  for  an  hour  in  distilled  or 
rain  water  and  then  washed  into  the  agitator.  The  agitator  should 
never  be  run  fast  enough  to  move  the  large  lumps  of  quartz  and  mica 
which  have  settled  to  the  bottom.  When  the  material  on  the  bottom 
of  the  agitator  is  free  from  kaolin  particles,  stirring  should  cease  and 
the  contents  of  the  agitator  should  be  emptied  into  a  porcelain  dish 
or  enameled  steel  pan  of  suitable  capacity. 

After  standing  for  a  few  minutes  the  coarse  material  will  settle  tb 
the  bottom,  and  the  kaolin-bearing  water  may  be  decanted  or  poured 
on  a  sieve  of  160  or  200  meshes  per  linear  inch.  If  the  slip  or  kaohn- 
bearing  water  is  slowly  poured  on  the  sieve  and  the  latter  slightly 
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agitated  the  slip  will  pass  through  without  difficulty,  leaving  the 
coarse  material  on  the  sieve.  If,  on  the  other  hand,  the  contents  of 
the  agitator  are  dumped  on  the  sieve  at  one  time,  the  coarse  particles 
win  clog  the  holes  and  the  operation  of  the  sieve  will  prove  difficult  and 
often  impossible  without  the  aid  of  stirring  the  sediment  on  the  sieve 
surface  with  the  hand..  Such  hand  stirring,  or  rubbing  of  material 
through  the  sieve,  is  to  be  strongly  condemned.  It  not  only  forces 
through  the  sieve  particles  larger  than  the  normal  dimensions  of  the 
apertures,  but  it  permanently  distorts  the  apertures,  so  that  the  sieve 
has  both  large  and  small  openings  and  is  rendered  worthless. 

After  all  the  particles  possible  have  been  shaken  through,  the  sieve 
should  be  removed  from  the  dish  and  placed  over  another  dish  or 
pan,  into  which  it  will  fit  snugly.  In  this  pan  should  be  placed 
about  a  pint  of  water,  and  by  a  shaking  motion  the  sieve  should  be 
washed  from  below.  Such  washing  will  remove  the  fine  particles 
much  more  quickly  than  placing  the  water  on  the  sieve  with  the 
residue. 

The  sieve  containing  the  coarser  material  should  be  allowed  to  dry; 
the  coarse  material  when  dry  should  be  weighed  and  its  weight 
recorded. 

The  two  pans  of  washings  should  be  mixed.  They  are  then  ready 
for  elutriating. 

The  laboratory  elutriator  should  be  adjusted  so  that  exactly  650 
cubic  centimeters  (18.3  ounces)  of  water  passes  through  the  cylinder 
in  a  minute.  The  flow  may  be  regulated  by  a  valve  or  pinch-cock  on 
the  tube  that  conveys  the  water  from  the  reservoir  to  the  cylinder. 
When  all  is  in  readiness,  the  cylinder  should  be  emptied  of  water 
and  the  kaolin  sample  which  has  passed  the  150  or  200  mesh  sieve 
should  be  poured  into  it;  the  dish  in  which  it  was  contained  should 
be  well  rinsed  and  the  rinsings  added  to  the  kaolin  in  the  cylinder. 
The  water  may  then  be  started  and  the  elutriation  begun.  The 
results  may  easily  be  irregular  if  the  flow  of  water  varies  in  the  least, 
and  every  precaution  should  be  taken  to  insure  a  steady  flow.  The 
reservoir  is  for  this  purpose.  Elutriation  should  continue  until  the 
overflow  from  the  cylinder  shows  no  sediment  after  standing  several 
minutes.  The  finest  portions  pass  out  of  the  elutriator  with  the  first 
8  or  10  liters.  As  this  fine  material  settles  very  slowly,  it  is  advisable 
to  keep  the  first  2  gallons  separate  from  the  later  flow  which  contains 
less  fine  material  and  hence  settles  more  quickly.  The  remainder  may 
be  collected  into  one  large  receptacle  and  in  a  few  hours  will  generally 
settle,  so  that  practically  all  the  water  may  be  poured  or  decanted 
off  and  the  residue  added  to  the  receptacle  containing  the  first  2 
gallons  of  the  washii^,  and  all  stirred  thoroughly  together. 

This  material  may  be  pressed  free  from  water  by  means  of  a  small 
laboratory  filter  press.     If  such  apparatus  is  not  available,  a  satis- 
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factory  substitute  is  a  canvas  bag  about  8  by  14  inches  in  size, 
strongly  sewed  to  prevent  ripping  and  provided  with  a  loop  for 
suspension.  The  kaoUn  slip  after  being  well  agitated  is  poured  into 
the  bag,  which  is  either  hung  up  to  drain  or  pressed  free  from  water 
by  we^hts.  Care  should  be  exercised  when  the  weights  are  applied 
to  avoid  a  sudden  large  increase  of  pressure,  as  a  leak  thus  started 
will  be  found  difficult  to  stop. 

After  the  water  is  removed  the  kaoUn  has  only  to  be  dried  and 
weighed.  The  residue  remaining  in  the  cylinder  may  also  be  dried 
and  weighed  and  this,  together  with  the  residue  on  the  sieve,  con- 
stitutes the  wast«  material  of  the  washing  process.  The  total  weight 
of  these  three  dried  residues  should  equal  the  weight  of  the  original 
sample.  The  weight  of  dry  kaolin  obtained  by  this  process  should 
indicate  the  productiveness  of  the  deposit,  provided  the  sample  tested 
is  fairly  representative  of  the  deposit. 

PROPERTIES  OF   KAOLIN   IN   PORCELAIN   MIXTURES. 

The  rdle  of  kaolin  in  all  pottery  mixtures  is  that  of  a  plastic  bond 
in  the  forming  of  waves  and  its  bonding  action  continues  through 
the  drying  process.  In  firing,  the  kaolin,  by  its  high  refractory 
value  and  its  resistance  to  the  solvent  action  of  the  feldspar,  enables 
the  mass  to  retain  its  form,  although  the  particles  of  kaolin  may  be 
enveloped  in  fluid  feldspar  so  completely  that  the  mass  becomes 
translucent  and  appears  homogeneous.  Hence  the  testing  of  kaolins 
in  porcelain  mixtures  must  consist  of  tensile  tests  and  translucency 
tests  in  addition  to  the  determination  of  vitrification  range,  color, 
and  shrinkage. 

For  kaolin  tests  in  pottery  mixtures,  the  same  proportions  of  mate- 
rial are  used  as  for  feldspar  tests  in  pottery  mixtures,  that  is — 

Pottery  mixture  for  kaolm  tests. 

Feldspar,  20  parts  by  weight. 
Quartz,  30  parts  by  weight. 
Kaolin,  50  parts  by  weight. 

The  feldspar  and  quartz  are  standard  materials  and  the  kaolin  is 
the  material  being  tested.  The  materials  are  all  in  the  form  of  impal- 
pable powders  and  are  mixed  together  with  just  enough  water  to  pro- 
duce a  plastic  mass  capable  of  being  formed  as  desired.  The  mass 
must  be  thoroughly  mixed  to  homogeneity,  as  otherwise  the  product 
is  worthless. 

TBNSniB  TBST. 

For  tensile  tests  the  method  of  testing  is  the  same  as  outlined  for 
tensile  tests  of  the  kaolin  alone.  The  tensile  strength  of  the  kaolins 
investigated  is  so  low  that  when  it  is  reduced  by  the  addition  of  non- 
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plastic  feldspar  and  quartz  the  briquets  are  too  weak  to  support  the 
clamps  for  testing.  Hence  such  a  test  is  impossible  unless  some 
plastic  clay  is  added  to  give  strength  to  the  mixture,  and  in  that 
event  a  test  would  represent  the  bonding  strength  of  the  added  clay, 
so  that  for  the  particular  kaolins  under  investigation  no  tensile  test 
in  pottery  mixtures  is  practical.  This  statement  is  not  to  be  con- 
sidered as  applying  to  kaolins  generally,  as  most  kaolins  possess 
measurable  tensile  strength,  and  this  is  an  important  factor  in  con- 
sidering the  amoimt  of  plastic  clay  that  must  be  added  in  order  to 
produce  an  industrially  valuable  mixture. 

TRANSLUCSNCT  TBST. 

For  translucency  tests  the  process  outlined  for  a  similar  test  of 
feldspar  is  recommended.  The  test  mixture  described  above  is 
molded  into  wedges  which  are  fired  to  the  maturing  temperature  of 
the  standard  felspar  and  tested  by  determination  of  the  maximum 
thickness,  expressed  in  centimeters,  at  which  can  be  detected  a  No. 
20  wire  on  the  face  of  the  trial  next  the  lamp  with  the  lamp  3  inches 
distant  from  the  trial.  This  test  is  very  important,  for  American 
kaoIiQS  vary  greatly  in  the  property  of  producing  translucent  bodies 
with  a  given  mixture  of  standard  feldspar  and  quartz,  and  in  the  color 
they  impart  to  such  bodies.  Some  kaolins  produce  pottery  bodies  which 
are  white  both  in  reflected  and  in  transmitted  light,  but  most  Ameri- 
can kaolins  produce  pottery  bodies  which  are  pale  cream  in  reflected 
light  and  a  decided  cream  in  transmitted  light. 

VITRIFICATION   RANGB   AND  ABSOKFTION. 

The  kaolins  investigated  do  not  produce  nonabsorbent  porcelains 
at  conunercial  temperatures,  hence  the  absorption  at  1,350^  C.  is 
substituted  for  the  vitrification  range. 

THE  GRADING  OF  COLOR. 

The  grading  of  color  of  the  kaolins  in  standard  porcelain  mixtures 
has  been  accomplished  by  comparison  and  the  most  absolute  white, 
free  from  tint,  that  was  obtained  in  this  investigation  is  given  a  value 
of  1.  The  standard  trial,  which  to  all  intents  and  purposes  is  pure 
white,  has  been  given  a  value  of  5,  the  other  kaolins  when  used  in  the 
porcelain  mixtures  receiving  the  value  based  on  the  class  in  which 
they  fall  by  ordinary  optical  study. 

SHRINKAGE. 

To  determine  shrinkage  the  wedges  are  measured  before  and  after 
drying  and  after  firing,  or  preferably  a  die  of  known  length  is  lightly 
impressed  in  the  face  of  the  newly  made  briquets  or  wedges.  By 
measuring  these  impressions  after  drying  and  burning,  the  shrinkage 
can  be  easily  and  quickly  determined. 
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TESTS  UNDEB  GLAZE. 


Since  the  color  of  a  kaolin  under  glaze  can  not  be  predicted  from  the 
color  unglazed,  the  glazing  of  kaolins  in  order  to  determine  their 
industrial  value  is  very  important. 

It  is  advisable  to  use  test  pieces  of  the  sample  kaolins  in  the  standard 
porcelain  mixture.  These  test  pieces  have  previously  been  fired  to 
vitrification  and  any  fault  in  color  of  the  kaolin  is  intensified.  The 
same  glazes  are  used  for  these  tests  of  kaolins  as  are  specified  for 
similar  tests  of  feldspars  in  the  porcelain  mixture.  The  glazing  of 
these  trial  pieces  demands  extra  care  since  vitreous  porcelain  has 
smooth  surfaces,  and  unless  great  care  is  exercised  and  the  glaze  is 
very  thick  the  greater  portion  of  the  glaze  will  run  off  the  trial  or  at 
least  mix  with  the  other  glaze  test  on  the  same  trial  piece.  Wanning 
the  trials  is  a  great  aid  in  preventing  this  difficulty.  In  firing  these 
glazed  trials  the  same  care  must  be  exercised  as  with  the  glazed  feld- 
spar trials  or  the  glazes  on  fusing  will  run  off  the  trials  or  run  together. 

BLANK   OR  STANDARD  TRIAL  FOR   KAOLIN. 

The  blank  or  standard  trial  for  kaoUn  consists  of  the  standard  porce- 
lain mixture  and  contains  the  standard  feldspar,  kaolin,  and  quartz 
in  the  proportions  specified. 

The  standard  kaolin  used  is  an  English  chiaa  clay  having  the  fol- 
lowing composition: 

Composition  of  English  china  clay  used  for  standard  kaolin. 

Combined  water 12. 42 

SiOj 46.86 

AlaOa 38.10 

FeA 30 

TiOa 00 

CaO : 46 

MgO 48 

KjO 1.18 

NagO 30 

100.10 

This  kaolin  has  a  refractory  value  of  1 ,690°  C. ,  and  bums  to  a  porous 
white  mass  at  1,350°  C. 

Properties  in  standard  porcelain  mixture. 

In  the  standard  porcelain  mixture  in  which  this  kaolin  is  used  the 
mass  becomes  vitreous  at  1,310°  C.  The  color  is  a  vitreous  white 
of  grade  5.  The  translucency  is  0.65  and  the  total  shrinkage  is  15.6 
per  cent,  which  consists  of  3  per  cent  drying  and  12.6  per  cent  firing 
shrinkage. 
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QUABTZ. 

Quartz  theoretically  is  pure  crystalline  silica,  but  in  nature  it  is 
rarely  found  absolutely  pure.  The  dikes  studied  contain  sugar, 
smoky,  and  transparent  quartz. 

The  sugar  quartz  is  most  abundant  and  is  most  widely  distributed, 
being  common  throughout  the  region  investigated.  It  generally 
forms  the  outside  bands  of  a  dike  and  also  the  quartz  band  or  lens 
along  the  middle  of  many  dikes.  Some  bands  of  sugar  quartz  are  4 
to  12  feet  wide  and  hundreds  of  yards  long.  It  is  seldom  sufficiently 
disintegrated  to  fall  to  pieces,  but  often  has  to  be  broken  with  a  sledge 
or  an  explosive  before  it  is  reduced  to  pieces  of  convenient  size  for 
handling.  It  is  crystalline,  pure  white,  and  opaque,  due  to  innumer- 
able vesicles  of  gas  liberated  at  the  time  of  crystaUization  and  to 
fractures  subsequent  to  crystaUization.  It  is  practically  pure  siUca, 
showing  by  analysis  an  average  of  99.3  per  cent  SiO,. 

Smoky  quartz  is  found  only  in  the  vicinity  of  Sprucepine,  Mitchell 
County,  N.  C.  Wherever  present  it  is  in  narrow  bands  or  lenses  in  the 
pegmatite  and  not  in  an  outside  band  adjoining  the  coimtry  rock. 
It  is  invariably  badly  ruptured,  being  easily  broken  by  the  fingers  into 
small  needle-like  particles  with  sharp  edges.  It  consists  of  an  aggre- 
gate of  particles  of  varying  color  intensity  and  in  the  mass  presents  a 
mottled  appearance.  The  smoky  tint  has  a  decided  brown  cast  in 
some  particles,  whereas  in  other  particles  it  tends  to  an  amethystine 
purple.  Some  writers  state  that  this  color  is  due  to  the  presence  of 
manganese;  others  that  it  is  due  to  the  presence  of  organic  matter. 
Whatever  may  be  the  source  of  the  color  it  disappears  completely  at 
between  350°  and  400°  C.  When  a  solid  piece  of  this  smoky  quartz 
is  heated,  the  color  fades  uniformly  throughout.  By  heating  smoky 
quartz,  A.  W.  Wright  *  obtained  a  gas  of  the  composition  COj,  98.33 
per  cent,  and  Nj,  1.67  per  cent.  On  further  heating  this  gas  gave  a 
brown  precipitate  which  partly  dissolves  in  alcohol.  By  more  in- 
tense heating  this  brown  residue  volatilizes  with  a  strong  bituminous 
odor  similar  to  that  given  off  by  burning  cannel  coal.  The  quartz 
residue  is  pure  white.  This  smoky  quartz,  therefore,  may  safely  be 
looked  on  as  a  colorless  quartz  so  far  as  its  influence  in  ceramic  mix- 
tures is  concerned. 

The  transparent  quartz  is  foimd  in  this  district  only  as  a  component 
of  pegmatite.  It  exists  as  quartz  grains  intermixed  with  the  feld- 
spathic  material  and  in  most  instances  is  so  intei^own  with  the  feld- 
spar that  separation  is  impossible.  The  specific  gravity  of  quartz  is 
2.65;  the  specific  gravity  of  potash  feldspar  is  2.54,  and  of  soda  feld- 
spar 2.60,  which  may  be  increased  by  the  presence  of  calcium  in  the 
feldspar.     Hence  a  successful  mechanical  separation  is  impossible. 

a  Am.  Jour.  Scl.,  vol.  21 ,  ISSl,  art.  24. 
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The  transparent  quartz  separated  in  the  washing  of  kaolin  is  generally 
so  mixed  with  mica  and  other  impurities  that  its  recovery  by  cleaning 
would  not  be  commercially  practicable. 

The  sugar  quartz  is  therefore  the  only  pure  silica  present  in  com- 
mercial quantity  in  the  region  investigated.  When  pure  its  refractory 
value  is  cone  34  (1,810®  C).  With  the  small  amount  of  impurity 
present  its  deformation  point  or  refractory  value  is  about  cone  32  or 
33,  that  is,  1,780®  C. 

COLOR. 

Fired  alone  to  cone  12  the  quartz  gives  a  pure  white  opaque  mass 
with  no  strength  and  no  trace  of  cementing  action. 

In  mixtures  with  pure  feldspar  (microcline)  the  quartz  opacifies  the 
feldspar,  apparently  due  to  finely  divided  quartz  in  suspension. 

Wlien  added  to  mixtures  of  feldspar  and  kaolin  the  quartz  changes 
the  color  in  vitreous  ware  from  blue  white  to  pure  white,  and  at  the 
same  tone  tends  to  change  the  texture  from  glassy  to  granular  without, 
however,  reducing  the  translucency  of  the  mass.  In  fact,  additions 
of  ground  quartz  up  to  a  given  quantity  for  a  given  temperature 
tend  to  increase  translucency.  The  mechanical  strength  of  a  vitreous 
body  is  increased  by  additions  of  ground  quartz  up  to  a  given  quan- 
tity, dependeut  on  the  maturing  temperature  of  the  body. 

SBHIKAOLINIZED  FELDSPABS. 

The  name  ' ' semikaolinized  feldspar"  is  used  to  designate  all 
those  deposits  of  material  that  have  so  altered  that  they  can  no 
longer  be  classified  as  fresh  feldspar  but  on  the  other  hand  have 
developed  no  plasticity  and  hence  can  not  be  classified  as  kaolin. 

The  location  of  the  deposits  of  such  material  is  divided  into  two 
classes,  (a)  isolated  bands,  (6)  semikaolinized  dikes. 

(a)  In  kaolinized  dikes  containing  many  bands  of  widely  differing 
material  there  are  always  found  one  or  more  bands  that  have  with- 
stood weathering  and  that  produce  no  kaolin.  Such  bands  are 
invariably  found  to  consist  of  semikaolinized  feldspar.  These  bands 
are  lenticular  and  the  presence  of  a  broad  exposure  of  such  material 
is  no  indication  that  all  the  surface  of  the  dike  will  consist  of  this 
material. 

In  dikes  containing  semikaolinized  material,  the  mining  of  the 
kaolin  necessitates  the  removal  of  these  hard  bands  and  heretofore 
they  have  been  thrown  aside  as  refuse  together  with  quartz  bowlders 
and  other  undesirable  foreign  material. 

(6)  In  dikes  that  are  apparently  completely  kaolinized  on  the 
surface,  mining  to  about  100  feet  exposes  less  altered  material,  and 
the  degree  of  kaolinization  decreases  with  depth  until  fresh  feldspar 
is  reached.     Thus  in  such  dikes  the  semikaolinized  feldspar  Ues 
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below  the  kaolin  and  above  the  fresh  feldspar.  Although  its  alkali 
content  increases  downward  the  variation  is  generally  not  so  abrupt 
as  to  cause  difficulty,  and  with  care  in  mining  and  with  proper 
mixing  of  the  mined  material  a  uniform  product  should  be  easily 
produced. 

This  semikaolinized  feldspar  is  peculiar  in  that  in  16  such  deposits 
sampled  no  semikaolinized  soda  feldspar  was  found,  every  deposit 
being  potash  feldspar  with  a  maximum  soda  (Na,0)  content  of  1.11 
percent.  Furthermore,  the  potash  (K3O)  content  is  higher  than  in 
most  feldspar,  being  14.40  per  cent  in  one  specimen,  and  the  alumina 
(A1,0,)  content  is  invariably  higher  than  is  theoretically  required 
either  in  the  potash  or  soda  feldspar. 

The  foregoing  observations  seem  to  justify  the  conclusion  that 
these  semikaolinized  feldspars  found  in  lenses  or  bands  in  an  other- 
wise kaolinized  dike  represent  a  material  that  contains  more  potash 
and  alumina  than  the  associated  bands  and,  being  more  rc;pistant  to 
weathering,  has  remained  only  slightly  altered  while  the  remainder 
of  the  dike  has  completely  broken  down. 

The  presence  of  an  excess  of  AI3O,  and  also  the  presence  of  com- 
bined water  indicates  the  progress  of  weathering  and  doubtless  the 
giving  up  of  some  alkali.  The  fact  that  no  fresh  feldspar  that 
carries  more  potash  than  these  semikaolinized  feldspars  is  found  in 
this  district  would  indicate  that  weathering  has  removed  the  Na,0,  if 
any  alkali  has  been  removed.  This  removal  of  the  soda  portion  of  the 
feldspar  before  that  of  the  potash  portion  might  be  expected  from 
the  weaker  resistance  to  weathering  of  soda  feldspars. 

The  semikaolinized  material  below  the  upper  kaolinized  part  of 
the  dikes  also  shows  this  high  potash  content  and  low  soda  content. 
Here  is  additional  proof  that  weathering  has  affected  the  soda^- 
bearing  material  first. 

Examination  of  the  kaolin  above  the  semikaolinized  part  of  a 
deposit  fails  to  disclose  more  than  a  small  percentage  of  NslJO,  the 
E,0  content  always  being  in  excess,  hence  the  Na^O,  if  leached  out, 
must  have  been  completely  removed  from  the  dike. 

The  potash  content,  in  the  samples  taken,  varies  from  1.7  to  14.4 
per  cent  £[,0,  the  amount  of  combined  water  varying  inversely  as 
the  alkali  content.  As  the  samples  were  taken  to  represent  the 
average  composition  of  the  portion  of  the  dike  sampled,  no  informa- 
tion as  to  the  rate  of  alteration  can  be  obtained  from  their  study  but 
the  data  at  hand  indicate  that  in  deposits  containing  50  per  cent  or 
more  of  the  original  alkali  content  the  proportion  of  combined  water 
present  may  be  taken  as  a  fair  criterion  of  the  proportion  of  alkali 
removed. 

The  alkali  content  would  be  expected  to  control  the  deformation 
temperature    provided    the    other    ingredients    remain    reasonably 
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constant.  Although  a  small  change  in  alkali  content  seeminglj 
affects  the  deformation  temperature  only  slightly,  the  combined 
water  content  is  a  reliable  indicator  of  the  deformation  point  of 
the  semikaolinized  feldspar.  Thus  it  appears  that  the  change  in 
deformation  temperature  is  due  not  only  to  the  proportion  of  alkali 
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PERCENTAGE  OF  COMBINED  WATER 

FiovBi  9.— The  deformatioii  tempentuze  of  aemikaolliiiaed  feldspar  plotted  agiinst  tbe  oomhiiwd* 

water  content. 

and  other  elements  present,  but  also  to  the  mineral  form  in  which 
these  elements  exist.  Figure  9  indicates  the  consistent  increase  in 
deformation  temperature  with  increased  combined-water  content. 
In  this  figure  are  plotted  data  from  10  of  the  best  exposed  deposits 
coming  xmder  this  classification. 
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The  lack  of  better  agreement  is  doubtless  due  to  the  fact  that 
when  a  dike  is  exposed  to  the  elements  for  any  time  the  alkalies 
leach  from  its  surface  and  the  taking  of  representative  samples  is 
rendered  difficult;  even  though  the  surface  material  be  removed  for 
several  feet. 

A  pecuUaiity  of  all  these  semikaolinized  feldspars  is  their  gradual 
deformation.  The  softest  of  the  specimens  tested  were  vitreous 
and  highly  translucent  for  50**  C.  before  they  deformed.  Some  of 
the  harder  specimens  were  vitreous  for  almost  100  degrees. 

Another  physical  property  to  be  considered  in  connection  with  a 
study  of  these  materials  is  shrinkage  in  firing.  When  fired  at  1,330^ 
C.  the  specimens  that  are  only  slightly  kaolinized  shrink  15  per  cent. 
With  greater  kaolinite  content  the  shrinkage  decreases,  until  in 
specimens  containing  60  per  cent  kaolinite  the  shrinkage  is  only 
10.75  per  cent.  With  increased  kaolinite  content  the  shrinkage 
increases  again,  until  in  specimens  showing  a  content  of  14  per  cent 
combined  water  but  no  plasticity  the  shrinkage  ranges  from  12.6 
to  15.25  per  cent. 

This  peculiarity  in  shrinkage  is  explained  as  follows:  In  the 
slightly  kaolinized  specimens  the  excessive  shrinkage  results  from 
vitrification,  whereas  in  the  specimens  nearing  complete  kaoUniza- 
tion  the  shrinkage  is  due  to  the  grains  being  very  fine. 

The  deposits  containing  little  or  no  alkali,  but  having  no  plasticity 
and  forming  the  refractory  end  of  this  series,  can  possess  little  or  no 
mterest  for  the  ceramist  owing  to  their  great  shrinkage. 

For  the  deposits  containing  one-half  or  more  of  their  original 
alkali  content,  a  ready  market  should  be  found  in  the  pottery  indus- 
try. The  majority  of  these  semikaolinized  feldspars  may  be  crumbled 
in  the  fingers,  and  at  beet  a  very  light  grinding  would  suffice  to  reduce 
the  material  to  an  impalpable  powder.  Thus  the  cost  of  grinding 
would  be  only  a  small  proportion  of  the  ordinary  cost.  An  addi- 
tional advantage  of  these  materials  is  their  pure  color,  which  should 
make  them  especially  suitable  for  raising  the  quality  of  cheaper 
soda  feldspars  that  are  too  much  colored  to  be  easily  marketable. 

These  semikaolinized  feldspars  are  merely  mixtures  of  the  materials 
ordinarily  employed  in  pottery  bodies,  and  in  some  instances  the 
plasticity  of  the  fully  developed  kaolin  is  the  only  essential  lacking 
in  order  to  produce  a  perfect  porcelain. 

For  example,  a  semikaolinized  feldspar  has  the  following  chemical 
composition: 

Composition  of  a  semikaolinized  feldspar. 

HjO 2.78 

SiO, 64. 69 

AljO, 20.80 

KaO 11.83 

100.00 
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Recalculation  to  mineral  components  gives  the  following  composi- 
tion by  weight: 

Mineral  componenU  of  a  semikaolinizedfeldBpixr. 


Component. 

KsO. 

AlsOt. 

SlOt. 

HsO. 

PeroQDt- 
ageof 
total 

An^yxis, , , 

Percent. 
11.88 
11.83 

Percent. 
20.80 
12.84 

Percent. 
64.69 
45.33 

Percent. 
2.78 

100 

Feld^ar 

70 

KnolfnitA., -- 

7.96 
7.96 

19.26 
9.26 

2.78 
2.78 

30 

Qnartz 

10.00 

10 

Thus  it  is  apparent  that  this  material,  which  has  a  chemical 
composition  unlike  any  regularly  employed  feldspar,  is  really  merely 
a  mixture  of  70  parts  microcline  feldspar,  20  parts  kaolinite,  and  10 
parts  quartz,  or  flint.  In  fact,  the  production  of  a  feldspar  free 
from  impurity  or  associated  minerals  is  very  difficult  and  expensive, 
and  very  little  feldspar  is  sold  that  does  not  contain  an  appreciable 
amount  of  free  quartz;  hence  the  kaolinite  component  is  the  only 
new  factor  introduced. 

SUBSTrrUTION  OF  SEMIKAOLINIZED  FELDSPABS  FOB  FELDSPABS. 

Although  the  value  of  semikaolinized  feldspar,  as  a  substitute  for 
feldspar  in  pottery,  has  never  been  exploited,  it  should  be  one  of  the 
most  valuable  products  of  these  dikes.  It  contains  practically  pure 
potash  feldspar,  and  if  the  small  amount  of  kaolin  and  free  silica 
present  is  taken  into  account  in  the  compounding  of  the  body  it 
can  be  readily  seen  that  a  porcelain  of  longer  heat  range  could  be 
produced  than  is  possible  where  the  ordinary  mixed  potash  and 
soda  feldspar  of  commerce  is  used.  The  color  of  these  semikaolin- 
ized feldspars  is  generally  superior  to  the  feldspars  of  commerce. 

For  example,  let  us  consider  a  porcelain  of  the  following  composi- 
tion by  weight: 

Feldspar 16 

Kaolin 45 

Flint 39 

100 

If  a  semikaolinized  feldspar  of  the  composition 

Feldspar 70 

KaoliD 20 

Free  silica  or  flint 10 

100 
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is  used,  the  16  per  cent  of  feldspar  in  the  porcelain  is  to  be  supplied 
by  70  per  cent  of  the  semikaolinized  feldspar,  the  kaolin  thus  intro- 
duced being  ^  of  16  or  4.57  per  cent  and  the  flint  |^  of  16  or  2.29 
per  cent.  The  total  semikaolinized  feldspar  being  thus  16  +  4.57  + 
2.29=22.86  per  cent  semikaolinized  feldspar.  The  45  per  cent  of 
kaolin  in  the  body  composition  is  reduced  thus  4.57  per  cent,  which 
leaves  40.43  per  cent  to  be  introduced  as  pure  kaolin.  The  flint  or 
free  silica  in  the  body  composition  is  39  per  cent,  but  2.29  per  cent  is 
introduced  in  the  semikaolinized  feldspar,  hence  there  remains  to  be 
introduced  as  flint  36.71  per  cent.  The  mixture  for  the  porcelain 
mentioned  above  will  thus  be  made  up  as  follows,  by  weight: 

Semikaolinized  feldspar 22. 86 

Kaolin 40.43 

Flint 36.71 


100.00 

lUs  simple  recalculation  shows  that  these  semikaolinized  feldspars 
may  be  made  a  valuable  addition  to  American  ceramic  materials.  It 
must  be  borne  in  mind  that  the  feldspar  thus  introduced  is  potash 
feldspar  and  it  must  replace  potash  feldspar  only.  In  case  the  feld- 
spar to  be  replaced  is  a  mixed  potash  and  soda  feldspar,  this  semi- 
kaolinized feldspar  should  be  used  to  replace  the  potash  feldspar  only 
and  soda  feldspar  should  be  used  to  replace  the  soda  feldspar.  This 
replacement  can  be  made  with  considerable  saving,  because  soda  feld- 
spar has  a  lower  market  value  than  potash  feldspar. 

The  use  of  this  semikaolinized  material  would  require  the  making 
of  careful  and  thorough  tests  before  its  introduction,  but  to  the  tech- 
nically trained  man  the  substitution  of  this  material  for  commercial 
feldspar  is  a  simple  problem,  and  the  advantages  to  be  gained  by  the 
improvement  in  color  and  increased  heat  range  would  more  than 
repay  any  inconvenience  caused. 

The  tests  for  vitrification  range,  color,  shrinkage,  and  translucency, 
when  this  material  is  substituted  for  a  feldspar,  should  be  made  in  the 
same  manner  as  in  testing  a  feldspar. 

When  it  is  hoped  to  substitute  some  of  the  more  refractory  semi- 
kaolinized material;  only  the  least  plastic  kaolin  should  be  replaced 
and  great  caution  should  be  taken  lest  the  mixture  be  made  too  friable 
and  weak  after  drying. 

Another  market  for  this  material,  which  contains  a  considerable 
amount  of  potash,  may  arise  if  potash  is  ever  commercially  extracted 
from  feldspar. 

80421*— Bull.  53—13 5 
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MINING  AND   REFINING  THE  PRODUCTS   OF  THE  PEG- 

MATITE  DIKES. 


MINING  BT  OPEN-CUT. 

The  miniag  of  feldspar  by  open-cut  is  the  sunplest  form  of  quarry- 
ing. The  dike  is  exposed  by  removing  the  overburden  along  a  slope 
and  the  material  is  broken  down  by  wedging  where  practical  but 
usually  by  drilling  and  then  blasting  with  djrnamite.  The  different 
bands  of  the  dike  are  generally  well  defined,  and  hence  there  is  no 
difficulty  in  selecting  material  and  the  elimination  of  any  undesirable 
bands  is  left  until  the  material  is  sorted  for  shipment.  The  wall  rock 
of  the  fresh  feldspar  dike  is  generally  solid  and  no  danger  of  slides 
exists  except  where  walls  are  loosened  by  blasting.  The  open-cut  is 
generally  kept  level  to  the  face  of  the  hill  to  facilitate  drainage  even 
though  the  quarry  products  are  necessarily  removed  from  a  higher 
point.  When  the  quarry  extends  below  the  outlet  level,  pumps  are 
used  to  handle  the  water.  No  difficulty  is  encountered,  since  the 
water  is  allowed  to  drain  into  a  central  pool,  where  it  settles  before  it 
is  pumped.     (See  B,  PL  V,  and  A,  PL  VIII.) 

The  products  of  the  dike  are  removed  by  wheelbarrow  or  by  horse 
and  cart  to  a  point  outside  the  quarry  where  sorting  and  cobbing  are 
carried  on. 

TUNNELING  AND   STOPING. 

Where  feldspar  alone  is  the  product  of  a  dike,  tunneling  and  stoping 
have  never  been  used  within  the  district  under  investigation,  but  where 
mica  is  found  in  paying  quantity  in  the  dike,  this  method  of  mining 
is  not  uncommon.  The  practice  is  to  run  a  drift  or  tunnel  into  the 
dike  at  as  low  a  level  as  convenient.  This  drift  is  continued  along  the 
dike  until  the  latter  pinches  out  or  the  mica  becomes  too  poor  and 
scarce  for  mining.  A  vertical  cut  is  then  made  just  inside  of  the  point 
where  the  tunnel  cuts  the  dike.  This  is  sometimes  carried  up  for 
about  12  feet  in  order  to  give  two  benches  for  working,  although 
ordinary  practice  in  this  district  is  not  to  work  more  than  6  feet  high 
at  a  time.  This  bench  is  cut  out  directly  above  the  old  tunnel  and 
when  the  material  is  all  removed  another  bench  is  cut  above.  In 
order  to  facilitate  mining,  it  is  customary  to  build  ''lofts"  of  rough 
timbers  above  two  or  three  benches  and  upon  them  to  build  plat- 
forms for  reaching  the  dike  material.  Mining  is  done  almost  exclu- 
sively by  drilling  and  blasting  and  only  the  valuable  material  is  re- 
moved from  the  mines,  the  refuse  being  dumped  into  the  worked-out 
area  below  or  heaped  in  abandoned  ''lofts.'' 

By  thus  working  from  below,  the  maximum  efficiency  of  the  explo- 
sives is  obtained  and  the  cost  of  mining  is  kept  low.    The  drainage 
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of  the  mine  is  natural,  since  the  entrance  tunnel  is  the  lowest  point 
opened.  Where  the  feldspar  is  removed  from  such  workings  an 
ordinary  mme  car  is  employed,  running  on  a  track  to  the  point  where 
sloping  begins.  The  material  is  generally  dimiped  from  above  into 
a  hopper  built  at  this  point. 

REFININO. 

Where  the  dike  contains  an  excessive  proportion  of  quartz  or  when 
the  feldspar  mined  must  be  of  extra  quality,  the  dike  product  is  all 
hand  sorted  as  cobbed.  In  cobbing  the  feldspar  is  cleaned  of  all  quartz 
and  other  associated  minerals  by  means  of  light  hanmiers  and  the  pure 
fddspar  in  irregular  lumps  is  ready  for  crushing  and  pulverizing. 

CRUSHING   AND   PULVERIZING. 

Crushing  and  pulverizing  is  a  simple  process.  If  the  feldspar  is 
slightly  altered  it  is  occasionally  calcined  to  remove  the  combined 
water,  but  ordinarily  it  is  broken  with  sledges  or  with  a  jaw  crusher 
to  about  2-inch  sizes  and  fed  into  a  ''chaser ''  mill.  This  mill  consists 
of  two  buhrstone  wheels  3  to  5  feet  in  diameter  and  about  1  foot  thick, 
which  are  attached  to  the  ends  of  a  horizontal  axle  that  is  pivoted  in 
the  center.  The  wheels  travel  around  on  a  buhrstone  bed  and  the 
feldspar  is  crushed  between  the  bed  and  the  wheels.  The  crushed 
material  is  screened  and  the  coarse  material  returned  to  the  chaser 
mill,  while  the  fine  material  is  fed  to  ball  mills.  The  latter  are  steel- 
barrel  tumbler  mills  6  to  7  feet  long  and  of  about  the  same  diameter. 
They  are  lined  with  hard  wood  or  silica  blocks  and  are  charged  with 
French  flint  pebbles  2  to  3  inches  in  diameter.  The  revolving  of  the 
mill  causes  the  pebbles  to  roll  or  slide,  thus  pulverizing  the  feldspar. 

The  pulverized  feldspar  is  rarely  screened,  but  the  degree  of  fine- 
ness is  determined  by  testing  small  samples  of  the  material,  and  the 
length  of  the  grinding  period  is  depended  on  to  give  the  desired  pul- 
verization. If  the  pegmatite  carries  mica  the  pulverized  material 
should  be  screened  through  a  fine  sieve  to  remove  any  unpulverized 
material. 

KAOLINS. 
REMOVAL  OF  OVERBURDEN. 

Removal  of  the  overburden  is  one  of  the  most  important  and  at  the 
same  time  one  of  the  most  neglected  details  of  kaolin  mining  in  the 
Southern  Appalachian  region.  The  method  commonly  used  is  to 
remove  just  enough  overburden  to  expose  the  dike  and  to  proceed 
at  once  to  mine  the  kaolin.  No  provision  is  made  for  removing  sur- 
face water  during  rains^  and  the  invariable  result  is  that  more  or  less 
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oyerburden  is  washed  into  the  excavation,  staining  the  walls  and 
otherwise  reducing  the  value  of  the  kaohn  in  the  upper  part  of  the 
deposit.  As  the  dikes  in  this  region  generally  dip  from  70  to  80 
degrees  from  the  horizontal  and  often  toward  higher  ground,  due  pro- 
vision must  be  made  in  removing  overburden  if  the  upper  portion 
of  the  dike  is  to  be  mined  by  open-cut,  so  that  the  walls  need  not  be 
too  nearly  vertical  or  undercutting  become  necessary  in  order  to  mine 
all  the  dike  material. 

The  nature  of  the  overburden  influences  greatly  its  tendency  to  aUde 
and  wash,  but  throughout  the  region  it  has  been  found  advisable  to 
slope  all  overburden  walls  not  less  than  30  degrees  from  the  vertical. 
A  level  space  equal  to  at  least  one-half  the  thickness  of  the  overburden 
should  be  maintained  around  shafts  as  a  protection  against  slides. 
Tins  space  should  never  be  less  than  10  feet  wide  in  order  to  provide 
for  the  safe  and  economical  handling  of  timbering  material  for  tlie 
shafts  and  for  dumping  buckets  of  mine  products  well  away  from  the 
shaft  mouth. 

The  method  of  drainage  found  most  efficient  and  economical  is  an 
ordinary  ditch  dug  as  close  to  the  foot  of  the  overburden  walls  as  safety 
permits.  This  ditch  should  be  at  least  1  foot  deep.  It  should  be 
cut  starting  in  a  V  above  the  last-opened  shaft  and  follow  the  two 
waUs  to  a  point  far  enough  beyond  the  operating  shafts  to  insure 
the  flow  of  surface  Water  into  a  natural  drainage  way  without  soaking 
or  running  into  a  refilled  aliaft  and  tlience  into  the  part  of  the  dike 
being  worked.  Much  of  the  present  trouble  from  water  in  shaft  min- 
ing could  be  eliminated  by  providing  and  maintaining  proper  surface 
drainage.  In  removing  overburden,  it  is  never  advisable  to  remove 
material  much  below  tlie  top  of  the  dike,  even  though  the  material 
be  much  stained,  because  the  dike  material  is  loose  and  will  allow 
surface  water  to  seep  down  from  the  drainage  ditches.  Where  the 
overburden  is  very  porous  it  may  prove  advisable  to  place  wooden 
troughs  in  the  drainage  ditches  and  to  fill  in  closely  on  the  bank  side 
to  insure  the  surface  water  running  into  the  trough. 

MINING  KAOLINS  FROM  DIKES. 

In  the  r^on  studied  kaolin  is  mined  by  two  methods,  namely  (a) 
open-cut  and  (6)  shaft  mining. 

In  most  cases  the  most  economical  results  are  obtained  by  com- 
bining the  two  methods,  mining  by  open-cut  for  20  to  30  feet  next  to 
the  surface  and  by  shaft  below. 

KAOLIN   MININQ  BY  OPEN-CUT. 

Where  the  inclosing  walk  are  solid  and  the  dike  is  nearly  vertical, 
it  is  sometimes  practical  to  mine  the  entire  deposit  by  open-cut, 
especially  if  the  overburden  is  thin  and  the  deposit  follows  the  face 
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of  a  hill.  The  kaolin  can  thus  be  worked  in  benches  and  handled  by 
carts  with  much  more  economy  than  by  shaft  raining.  (See  B, 
PI.  \TII.)  Removal  of  overburden  well  beyond  the  area  of  opera- 
tion and  careful  sloping  of  the  walls  of  the  cut  will  leave  little  danger 
from  slides.  It  must  be  borne  in  mind  that  in  such  an  operation  the 
dike  is  attacked  from  the  side  and  not  across  the  face,  and  in  order  to 
obtain  a  uniform  product  every  bench  must  be  worked  across  its 
entire  width  at  the  same  time. 

A  more  economical  method  of  open-cut  mining  and  one  that  is 
more  certain  to  bring  satisfactory  results  is  to  remove  the  wall  rock 
on  the  lower  side  and  thus  expose  the  dike  from  the  top  to  the  lowest 
workable  level.  The  dike  is  then  cut  through  its  entire  width  from 
top  to  bottom  and  benching  proceeds  on  the  two  sides  of  this  cut  or, 
if  advisable,  on  one  side  only.  (See  A,  PL  IX.)  The  drawback 
to  this  method  is  the  high  cost  of  exposing  the  dike  from  top  to  bot- 
tom in  case  the  depth  of  mining  reaches  or  exceeds  80  feet  and  the 
slope  of  the  hill  does  not  exceed  45  degrees.  Many  dikes  are  only  10 
to  12  feet  wide,  so  that  the  expense  of  removing  the  great  quantities  of 
wall  rock  in  order  to  reach  the  kaolin  becomes  too  great  in  proportion 
to  the  value  of  the  product.  Moreover  some  expense  will  also  be 
mcurred  in  open-cutting  by  reason  of  the  necessity  of  sloping  the 
back  of  the  cut  after  the  dike  has  been  removed  in  order  to  prevent 
slides.  The  cost  of  removing  the  wall  rock  and  of  sloping  the  wall 
of  the  uphill  side  of  the  cut  must  be  placed  against  the  cost  of  timber 
and  timbering  in  shafts  and  the  other  items  incident  to  shaft  mining 
in  considering  the  mining  methods  to  be  adopted  at  a  dike. 

Mining  by  open-cut  demands  the  removal  of  much  more  associated 
material  than  does  shaft  mining  and  is  to  be  considered  when  a 
sufficient  cash  outlay  is  possible  to  provide  the  necessary  equipment 
for  the  economical  removal  and  transport  of  the  refuse. 

KAOLIN   MINING  BY   SHAFT. 

Where  the  shaft  method  alone  is  used  the  only  surface  preparation 
necessary  is  provision  for  diverting  surface  water  from  the  shafts. 
At  many  mines  no  overburden  is  removed  although  at  some  the 
removal  of  part  of  the  overburden  is  advisable  in  order  to  obtain 
a  level  area  about  the  shaft  mouth.  The  shafts  in  this  region  vary 
from  14  to  20  feet  in  diameter  and  from  40  to  1 10  feet  in  depth. 

The  proper  place  for  a  shaft  in  a  dike  is  a  matter  to  be  decided  by 
the  operator,  but  since  the  majority  of  the  dikes  dip  70  to  80  degrees 
and  are  only  10  to  20  feet  wide,  the  general  practice  is  to  start  the 
shaft  in  the  hanging  wall  adjacent  to  the  dike,  so  that  the  shaft  cuts 
the  dike  on  the  hanging-wall  side  2  or  3  feet  below  the  surface,  and 
on  the  footwall  side  from  50  to  75  feet  below  the  surface  according 
to  the  dip  of  the  dike.     Such  procedure  often  necessitates  the  removal 
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and  handling  of  an  amount  of  waste  equal  to  or  greater  than  the 
amount  of  dike  material  handled,  but  sinking  and  timbering  a  vertical 
shaft  is  so  much  simpler  than  sinking  and  timbering  a  slope  that  the 
operators  throughout  this  district  employ  the  shaft  system  exclu- 
sively. The  dike  material  and  the  disintegrated  gneiss  that  forms  the 
walls  are  both  friable,  so  that  timbering  has  to  be  placed  as  rapidlj' 
as  the  shaft  is  sunk. 

Sinking  is  done  in  the  following  manner:  The  shaft  is  sunk  4  feet, 
carefully  trimmed  to  form  a  circle  of  the  desired  diameter,  and  tim- 
bering, which  is  really  the  most  important  part  of  the  process,  is 
begun.  (See  A^  PL  X.)  The  timbers  are  of  yellow  pine  or  oak; 
they  are  4  by  6  inches  and  generally  30  inches  long,  and  are  bev- 
eled on  the  ends  to  form  key  blocks.  The  timbers  are  placed  begin- 
ning at  the  bottom  of  the  4-foot  hole,  and  the  joints  are  staggered 
as  in  bricklaying,  thus  forming  a  solid  structure.  (See  B^  PI.  ZX.) 
Every  fourth  ring  of  timbers  is  spiked  to  the  next  lower  ring  in 
order  to  prevent  any  tendency  to  twist.  When  the  timbers  of  the 
first  level  are  in  place,  the  shaft  is  dug  4  feet  deeper,  the  timbering 
in  place  being  supported  by  the  material  immediately  below  it,  which 
is  left  in  place  until  all  other  material  has  been  removed.  This 
material  is  next  removed  and  the  timbering  is  supported  tempora- 
rily by  short  props  while  the  next  set  of  timbers  is  placed. 

In  placing  these  key  blocks  the  final  block  completing  a  circle  is 
put  in  by  digging  away  the  rock  wall  for  a  few  inches,  thus  permitting 
the  key  to  be  placed  from  behind.  The  opening  behind  this  block 
is  then  filled  with  waste  and  packed  to  prevent  the  block  from  kicking 
out.  When  the  timbering  has  reached  the  bottom  ring  of  the  set 
above  such  packing  is  impossible,  hence  the  final  key  block  for  the 
top  ring  of  each  set  is  cut  4  inches  short,  and  after  being  placed,  a 
short  piece  of  4-inch  by  4-inch  timber  is  driven  into  the  opening  left 
and  is  spiked  tight.  Sinking  then  proceeds  as  before.  Each  4-foi)t 
slice  of  timbering  always  being  placed  as  soon  as  the  material  from  a 
level  is  removed. 

Owing  to  the  danger  of  contamination  by  contact  with  the  iron- 
stained  material  constituting  the  walls  of  the  dikes,  the  removal  of 
the  kaolin  should  not  proceed  simultaneously  with  the  removal  of 
wall  rock.  The  kaolin  in  a  given  level  should  be  carefully  removed 
and  sent  to  the  surface  before  the  wall  rock  of  that  level  is  disturbed, 
lliis  is  not  the  practice  in  all  mines,  but  is  followed  in  most  shaft  mines. 

Where  a  dike  incloses  small  lenses  of  waste  material  these  should  not 
be  disturbed  while  kaolin  is  being  mined,  but  should  be  taken  out 
separately,  as  they  generally  contain  much  iron  oxide,  and  a  large 
amount  of  valuable  kaolin  may  be  injured  by  mixture  with  a  little 
of  the  waste.  Different  buckets  are  generally  used  for  handling 
kaoUn  and  waste. 


OPEN-CUT  MINING  FOR  KAOLIN.  SHOWING  BENCH  MINING  M 


HILLSIDE    FOR    MINING  KAOLIN.     THE    CRIBBING    IS  HIGHER    ON    C 
THAN  ON  THE  OTHER,  THUS  EXPOSING  SOME  TIMBER  ENDS. 


MINING  AND  TREATMENT  OF  FELDSPAR  AND  KaOLIN.  69 

One  of  the  greatest  difficulties  in  shaft  mining  is  the  removal  of  the 
quartz  lenses  that  are  sometimes  found  along  the  middle  of  a  dike  and 
which  must  be  removed  from  within  the  shaft  area.  The  use  of 
explosives  is  imsatisfactory  because  the  quartz  is  more  or  less  frac- 
tured^ making  the  successful  placing  of  a  shot  difficult.  Breaking  the 
quartz  by  sledge  is  slow  and  expensive,  but  has  been  foimd  the  safest 
and  most  economical  method. 

When  a  shaft  has  reached  the  lowest  level  at  which  the  dike  yields 
kaolin  in  conmiercial  quantities^  robbing  and  filling  begin.  Short 
tunnels  are  run  into  the  dike  from  the  bottom  of  the  shaft.  When  the 
valuable  material  has  been  mined  by  these  tunnels  as  far  as  is  con- 
sidered safe  without  timbering,  the  pillars  between  the  tunnels  are 
carefully  removed  and  the  area  which  has  been  emptied  of  kaolin, 
both  within  and  without  the  shaft,  is  filled  with  waste  from  adjacent 
shafts  or  with  that  which  was  stored  on  the  surface  when  the  shaft 
was  sunk. 

As  soon  as  a  level  has  been  thus  robbed  and  filled  the  timbering 
from  the  level  next  above  is  removed  and  that  level  is  robbed  and 
filled  in  the  same  manner.  The  operation,  is  continued  level  by  level 
until  the  surface  is  reached.  In  this  way  every  pound  of  kaolin  is 
removed,  and  since  the  shaft  timbers  are  recovered  the  cost  of  mining 
by  this  process  is  reduced  to  the  minimum. 

For  hoisting  at  shafts  ordinary  derricks  are  used  throughout  the 
region.  Masts  and  booms  are  made  from  native  timber  with  the  ends 
banded  to  prevent  splitting. 

The  type  of  bucket  used  holds  about  500  pounds  of  dike  material  and 
is  made  from  an  oil  barrel  by  cutting  oflF  the  upper  third .  For  hoisting 
water  a  whole  oil  barrel  is  used.  A  substantial  wrought-iron  hoop 
is  placed  about  the  bulge;  a  broad  wrought-iron  band,  which  passes 
under  the  bottom,  is  fastened  to  this  hoop,  and  at  these  joints  the 
handle  of  the  bucket  is  connected.  (See  B,  PL  X.)  To  hold  the 
bucket  upright  a  heavy  iron  peg  is  attached  to  its  side  and  extends 
above  its  rim.  A  heavy  wrought-iron  ring  that  encircles  the  handle 
of  the  bucket  drops  over  this  peg.  The  bucket  is  dumped  by  lifting 
this  ring.  The  center  of  gravity  of  the  bucket  is  so  near  the  points 
where  the  handles  are  attached  that  the  bucket  dumps  easily. 

The  drum  hoists  are  exclusively  used  at  shafts.  In  some  cases 
horse  power  is  used,  but  steam-driven  hoists  are  used  at  the  majority 
of  mines.  At  one  mine  electricity  has  been  used  for  operating  hoists, 
and  has  proved  very  satisfactory. 

Masts  and  booms  of  native  timber  are  generally  employed  and 
cables  are  of  f-inch  stranded  steel.  Guys  are  generally  of  |-inch 
stranded  steel. 
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COMBINATION   OF  OPEN-CUT   AND  SHAFT  MINING. 

Many  dikes  are  too  narrow  to  justify  mining  by  open-cut.  More- 
over, the  necessity  of  removing  the  overburden  by  an  uphill  or  very 
long  haul,  as  well  as  special  conditions,  may  make  mining  exclu- 
sively by  open-cut  unpractical.  The  manner  of  mining  must  be  de- 
termined for  each  deposit,  regard  being  given  existing  conditions. 
Even  though  the  entire  dike  can  not  with  economy  be  mined  by  open- 
cut,  the  upper  portion  for  a  depth  of  30  to  40  feet  may  be  mined 
by  open-cut  with  far  less  expense  than  by  shaft.  When  an  open-cut 
is  not  more  than  30  feet  deep,  sloping  the  walls  is  not  expensive,  and 
the  overburden  and  waste  removed  will  generally  suffice  to  fill  the 
shafts  sunk  into  the  lower  portions  of  the  dike.  The  practice  is  to 
remove  overburden  before  shaft  sinking  only  when  the  material  re- 
moved can  be  utilized  for  filling  a  shaft  from  which  all  valuable 
material  has  been  mined. 

Working  the  upper  part  of  a  deposit  by  open-cut  also  reduces  the 
cost  of  shafting  because  it  exposes  the  dike  and  shows  its  width,  thus 
insuring  the  shaft  being  sunk  at  the  most  advantageous  point.  (See 
A  and  B,  PI.  XI,  and  PL  XII.) 

REMOVAL  OF  WATER  FROM   KAOLIN   MINES. 

One  of  the  most  expensive  items  that  the  miner  of  kaolin  in  this 
region  has  to  consider  is  the  removal  of  water  from  the  workings. 
The  dikes  are  generally  free  from  water  to  a  depth  of  about  40  feet, 
but  below  this  depth  the  seepage  of  water  irom  the  walls  and  from  the 
dike  itself  often  increases  to  an  actual  flow,  and  in  many  cases  the 
inrush  of  water  has  driven  the  miners  from  the  workings  and  stopped 
mining.  In  the  earlier  operations  for  mica  it  was  customary  to  sink 
shafts  to  as  near  the  water  level  as  was  considered  safe,  and  drift  along 
this  level  until  a  flow  of  water  was  encountered,  then  the  shaft  was 
abandoned  and  a  new  one  sunk  at  no  great  distance.  The  mica 
found  in  the  vicinity  of  the  water  is  claimed  to  be  especially  free  from 
faults  and  of  the  finest  color. 

In  kaolin  mining  the  same  in  general  is  true.  The  finest  quality  of 
kaolin  is  generally  foimd  in  the  area  between  the  level  at  which  the 
first  water  is  encountered  and  the  level  at  which  the  flow  becomes  a 
menace  to  mining.  Within  the  region  studied  the  refilling  of  shafts 
on  account  of  an  excessive  flow  of  water  has  resulted  in  leaving  be- 
hind enormous  amounts  of  kaolin  of  the  highest  grade.  The  remin- 
ing  of  this  abandoned  material  can  be  accomplished  only  at  great 
expense,  since  the  shafts  are  filled  with  refuse  which  must  be  removed 
before  the  abandoned  material  can  be  reached.  The  cost  of  such  an 
operation  would  be  prohibitive. 


,     OPEN.CUT  MINING  FOR  KAOLIN,  SHOWING  IRRCGLTLAR  SURFACE  OF  DEPOSIT, 
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Only  the  simplest  methods  have  been  used  to  remove  water  from 
kaolin  mines,  the  uniform  practice  being  to  bail  the  water  into  bar- 
rels and  hoist  it  to  the  surface.  This  practice  requires  no  great  out- 
lay for  special  machinery,  but  delays  the  other  mining  operations 
and  thus  reduces  the  daily  output  of  the  shaft,  which  results  in  in- 
creasing the  cost  per  ton  of  material  produced.  Moreover,  the 
seepage  of  water  into  the  shaft  from  all  directions  loosens  the  ground 
and  increases  its  tendency  to  cave  and  slip. 

The  use  of  pumps  for  handling  water  has  met  with  little  success 
because  the  deposits  contain  much  exceedingly  fine  sand  which  is  car- 
ried in  suspension  by  the  water  and  cuts  out  the  valves  of  pumps  very 
rapidly.  The  height  to  which  the  water  must  be  elevated  varies 
from  50  to  120  feet,  which  precludes  the  employment  of  suction 
pumps  or  steam  siphons.  The  running  of  tunnels  at  or  below  the 
level  where  water  is  encountered  is  the  natural  method  of  draining 
workings,  but  it  has  been  tried  at  only  one  mine  in  the  district  and 
there  was  only  a  partial  success,  because  although  the  deposit  cov- 
ered many  acres  of  land  the  drainage  tunnel  was  run  into  the  deposit 
at  only  one  point  and  no  branch  tunnels  were  run  to  assist  in  drain- 
ing the  more  distant  parts  of  the  deposit.  The  tunnel,  however, 
removed  the  greater  proportion  of  the  water,  so  that  by  occasional 
bailing  mining  could  be  carried  on  without  great  annoyance.  At  a 
mine  in  a  similar  dike  outside  this  region  the  dike  has  been  cut  by 
numerous  tuimels,  all  of  which  drain  to  a  central  sump  or  cistern, 
and  the  water  is  removed  by  pumps  provided  with  filters  for  exclud- 
ing sand.    The  mine  is  thus  kept  dry  and  mining  is  greatly  facilitated. 

The  situation  of  a  majority  of  these  dikes  is  ideal  for  drainage  from 
below.  Most  of  them  lie  well  above  the  present  water  courses  and 
most  of  the  hills  slope  so  abruptly  that  few  tunnels  would  have  to  be 
driven  more  than  100  yards  before  reaching  dike  material.  After 
reaching  the  dike,  the  cost  of  running  the  drainage  tunnel  would 
be  Uttle,  if  any,  more  than  the  cost  of  mining  the  kaolin  in  other 
parts  of  the  dike.  To  insure  the  maintenance  of  an  open  drainage 
way  timbering  wotdd  be  advisable.  The  tuimel  should  be  continued 
well  into  the  dike  and  a  number  of  branch  tunnels  should  be  run 
to  the  extreme  limits  of  the  deposit.  The  capacity  some  deposits 
have  for  holding  water  indicates  that  the  complete  drainage  of  a 
dike  by  timnels  can  not  be  accomplished  in  a  few  days,  but  a  number 
of  weeks  or  even  months  may  be  required.  The  cutting  of  the  drain- 
age tunnel  should  therefore  be  started  as  soon  as  possible  after  the 
trend  and  general  extent  of  the  deposit  are  determined.  When  such 
a  tunnel  is  run  below  the  level  at  which  kaolinization  is  complete,  it 
Daay  be  advisable  to  place  a  shot  of  djoiamite  in  the  ends  of  each 
crosscut  tunnel  and  thus  rupture   the  formation,  permitting  the 

water  more  easily  to  drain  away. 
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CONVEYING   THE   CRUDE    KAOLIN   TO   THE   WASHING  PLANT. 

The  method  of  conveying  the  crude  kaolin  to  the  washing  plant  is 
of  necessity  influenced  by  the  situation  of  the  mines  and  the  wash- 
ing plant.  At  every  mine  except  one  studied  in  this  region  the 
mouth  of  the  shaft  or  the  floor  of  the  open-cut  is  well  above  the 
washing  plant. 

The  method  generally  used  is  by  flimie,  a  stream  of  water  being 
diverted  into  a  V  or  U  shaped  trough  (see  PL  XIII),  into  which 
the  crude  kaolin  is  shoveled.  In  most  cases  the  flume  is  carried  into 
the  mine,  so  that  the  crude  kaolin  on  removal  from  the  shaft  or  bench 
may  be  shoveled  directly  into  the  flimie  and  a  second  handling  is 
unnecessary.  In  some  cases,  however,  the  flume  is  carried  only  to  a 
point  below  the  mine  and  the  crude  kaolin  must  be  conveyed  from 
the  mine  to  the  head  of  the  flume.  For  this  purpose  a  tramcar 
system  has  been  used  at  two  mines  and  is  reported  satisfactory.  At 
one  mine  the  tramcar  system  is  supplemented  by  a  gravity  incline 
with  cars.     (See  5,  PL  XI.) 

In  constructing  a  flume  for  transporting  crude  kaolin,  caution  must 
be  exercised  to  avoid  no  abrupt  tiu'ns  and  drops  in  order  to  prevent 
the  small  blocks  of  mica,  which  exist  everywhere  in  kaolinized  dikes, 
from  being  broken  into  thin  sheets  and  flakes  by  the  battering  they 
would  receive.  If  the  small  blocks  of  mica  are  not  broken  they  are 
readily  removed  with  the  coarse  material  by  the  sand  wheels.  The 
chief  advantages  of  transportation  by  flume  are  that  it  is  economical 
and  coarse  lumps  of  kaolin  are  disintegrated  before  they  reach  the 
washer.     (See  PL  XIII.) 

REFINING  THE   KAOLIN. 

CLAT  WASHEBjS. 

The  first  step  in  refining  the  crude  kaolin  is  accomplished  by  the 
washer.  This  is  really  a  disintegrator,  since  its  chief  service  is  so  to 
agitate  the  kaolin-bearing  material  that  the  kaolin  may  be  separated 
from  the  quartz  and  other  waste  materials.  A  washer,  shown  in 
figure  10,  consists  of  a  rectangular  box  measuring  approximately 
3  by  3  by  10  feet.  Lengthwise  through  this  box  passes  a  shaft  to 
which  are  attached  a  number  of  arms  that  extend  almost  to  the  sides 
of  the  tank.  The  shaft  is  belt  driven  by  a  pulley  attached  at  the 
intake  end  of  the  washer  and  revolves  at  about  200  revolutions  per 
minute.  Washers  are  generally  operated  in  batteries  of  two,  the 
material  to  be  disintegrated  passing  directly  out  of  one  into  the 
other. 
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SAND   WHEELS. 


From  the  washers  the  crude  kaoUn  passes  to  the  sand  wheels. 
Each  wheel  revolves  in  a  narrow  tank  about  10  feet  long  and  6  feet 
high.  To  the  spokes  of  the  wheel  are  attached  cast-iron  scoops  each 
having  a  sloping  end.  As  the  wheel  revolves,  charges  of  coarse  mate- 
rial not  disintegrated  by  the  washer  are  scooped  up  from  the  bottom 
of  the  tank.  Figure  11  shows  perspective  of  sand  wheel  and  appur- 
tenances. The  kaolin  mixed  with  this  waste  material  drains  away 
as  a  scoop  rises  and  when  the  scoop  reaches  the  highest  point  of  its 
circuit  the  coarse  material  slides  out,  is  diverted  by  the  sloping  end 
in  the  scoop,  and  falls  outside  the  tank.  The  kaolin  and  any  other 
very  fine  material  pass  directly  through  the  sand  wheel  and  into  the 


FiouKE  10.— Clay  washer  for  kaolin. 

sand  trough.  In  the  Southern  Appalachian  region  two  sand  wheels 
are  generally  used  with  two  washers  and  at  many  plants  they  are 
arranged  in  two  sets,  the  crude  kaolin  passing  through  a  washer  to  a 
sand  wheel  and  thence  through  another  washer  and  through  another 
sand  wheel  into  the  sand  trough.  In  A,  Plate  XIV,  streams  of  water 
are  shown  impinging  upon  the  scoops  as  they  are  elevated,  which 
loosen  the  material  packed  against  the  walk.  The  number  of  washers 
and  sand  wheels  necessary  to  separate  all  the  kaolin  from  the  material 
mined  can  be  determined  only  by  actual  test. 

The  kaolin  comes  from  the  sand  wheels  thoroughly  stirred  and  at 
such  a  rate  of  speed  that  much  coarse  waste  is  carried  in  suspension. 
To  prevent  this  waste  passing  into  the  mica  troughs,  the  sand  trough 
or  sand  box  is  introduced. 
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THE   SAND  TROUGH. 


The  sand  trough  is  made  in  two  different  styles,  the  broad  trough 
and  the  square  tank. 

The  broad  trough,  about  2  feet  wide  and  20  to  30  feet  long  (see  B, 
PL  XIV),  is  placed  absolutely  level  and  the  flow  of  ^  the  kaolin- 
bearing  slip  is  retarded  by  its  distribution  and  the  length  of  the 
trough.  A  barrier  4  to  8  inches  high  placed  at  the  outlet  end  of  the 
trough  assists  in  retarding  the  flow.  The  coarse  sand  and  the  bulk 
of  the  coarse  mica  that  passed  the  sand  wheel  are  thus  removed 


FiQmtE  11.— Sand  wheel  In  tank,  broken  away  to  show  trough. 

by  settling  and  the  fine  material  passes  to  the  mica  troughs.  A 
workman  with  a  shovel  is  kept  busy  removing  coarse  material  from 
the  trough. 

The  construction  of  a  sand  box  or  square  tank,  if  one  is  used  instead 
of  the  sand  trough,  is  as  follows: 

The  fine  material  from  the  last  sand  wheel  passes  through  a  short 
trough  into  one  end  of  a  tank  6  feet  long,  5  feet  wide,  and  1  foot  deep. 
The  outlet  of  this  tank  is  3  inches  below  the  top  and  is  placed  either 
at  right  angles  to  the  intake  or  at  the  same  end  of  the  tank  as  the 
intake.     Thus  the  entering  stream  of  kaolin-charged  water  expends 
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its  force  in  the  volume  of  water  in  the  tank  and  the  material  that  does 
not  settle  in  making  the  turn  of  45  degrees  or  more  floats  off  through 
the  outlet  into  the  mica  troughs.  (See  jB,  PL  XIV.)  The  material 
that  settles  is  removed  from  the  bottom  of  the  tank  with  a  scoop 
shovel. 

THE  MICA  TROUGHS. 

The  mica  troughs  are  the  most  important  apparatus  in  a  kaolin 
wasliing  plant.  They  are  constructed  in  several  different  designs, 
although  their  purpose  is  in  every  case  the  same — that  is,  the  removal 
of  the  fine  mica  and  sand. 

The  individual  troughs  are  U-shaped  and  are  generally  1  foot  wide, 
1  foot  deep,  and  40  to  50  feet  long.  They  are  built  in  batteries,  the 
kaolin  slip  passing  out  of  one  tank  into  the  next,  back  through  that 
to  its  extreme  end,  and  thence  into  the  next  trough  of  the  battery. 
Much  of  the  velocity  of  the  kaolin-charged  water  is  expended  before 
the  mica"  troughs  are  reached,  and  in  order  to  keep  the  water  moving 
the  troughs  are  arranged  in  either  of  two  ways:  Each  trough  may 
have  a  drop  of  1  inch  from  end  to  end,  or  each  trough  may  be  built 
absolutely  level,  with  a  drop  of  1  inch  between  the  troughs.  In 
either  case  the  fall  is  sufficient  to  maintain  a  flow.  The  number  of 
troughs  in  the  battery  determines  the  grade  of  the  product.  By 
adjusting  the  slope  of  each  trough  or  the  drop  between  troughs,  the 
grade  of  product  may  be  regulated.  The  operation  of  the  mica 
troughs  is  necessarily  periodic,  since  to  attempt  to  remove  sediment 
during  operation  would  result  in  floating  off  some  material  already 
settled  and  that  the  troughs  are  intended  to  eliminate.  The  usual 
way  is  to  use  the  troughs  for  about  5  hours  continuously,  then  dis- 
continue the  flow  of  crude  kaolin  and  nm  clear  water  through  the 
troughs  for  15  to  20  minutes.  Then  the  regular  outlet  from  the  troughs 
is  closed  and  another  outlet,  which  leads  to  the  waste  piles,  is  opened. 
By  means  of  broad  scrapers  the  sediment  in  the  troughs  is  pushed 
out  into  the  waste  heap.  Then  the  troughs  are  flushed  clean  with 
water  and  are  ready  for  operation  again.  Cleaning  takes  about  an 
hour  and  is  done  during  the  dinner  hour  and  after  the  plant  closes 
in  the  evening. 

An  arrangement  of  the  mica  troughs  that  is  commonly  used  in 
washing  clays  in  England,  but  is  not  employed  in  the  United  States, 
b  to  run  the  kaolin  slips  from  the  sand  box  into  a  broad  basin  from 
which  mica  troughs  radiate  in  fan  shape,  each  trough  increasing  in 
diameter  toward  the  outer  end  and  thus  decreasing  the  flow.  The 
method  of  operation  and  cleaning  ia  the  same  as  that  described. 

From  the  mica  troughs  the  kaolin  passes  over  a  screen  for  removing 
any  very  thin  flakes  of  mica  that  have  floated  through  the  troughs. 
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THE   SCREEN. 


There  are  three  general  types  of  screens — stationary,  vibrating  or 
sliding,  and  revolving. 

The  stationary  screen  is  most  commonly  employed  in  the  region 
studied.  (See  -4,  PI.  XV.)  The  screens  are  arranged  in  batteries, 
each  screen  sloping  about  10  degrees  and  discharging  onto  a  similar 
screen  placed  about  6  inches  lower.  The  excess  material  from  the 
second  screen  overflows  onto  a  third,  and  so  on.  Three  screens  are 
generally  most  efficient  in  a  battery;  if  necessary,  the  kaolin  slip  is 
divided  and  a  double,  or  a  larger,  battery  is  put  in.  The  screens  are 
simply  built,  consisting  of  box  frames  about  4  inches  high,  with  brass 
wire  attached  to  the  bottom.  An  opening  2  inches  wide  across  the 
lower  end  of  a  screen  permits  the  excess  material  to  flow  onto 
the  next  screen.  From  the  bottom  screen  the  waste  falls  into  a 
trough  which  may  be  emptied  when  convenient.  These  screens  are 
all  above  a  concrete  or  wooden  basin,  from  which  the  material  that 
passes  through  the  screens  runs  into  concentrating  tanks. 

The  vibrating  or  sliding  screen  is  suspended  above  a  basin  and 
shaken  or  slid  rapidly  back  and  forth  by  means  of  an  eccentric  or 
similar  device,  so  that  the  coarse  material  is  kept  moving  toward  one 
end  of  the  screen  while  the  fine  material  and  liquid  passes  through 
into  the  basin.  The  worst  fault  of  this  type  of  screen  is  that  its 
rapid  vibration  tends  to  tear  the  mica  flakes  into  pieces,  which  pass 
through  the  screen  with  the  washed  kaolin. 

The  revolving  screen  is  a  nearly  horizontal  revolving  cylinder, 
covered  with  fine  screen.  Into  one  end  the  kaolin  slip  is  run.  As 
the  cylinder  revolves  the  slip  passes  many  times  around  its  circum- 
ference, the  fine  kaolin  passing  through  the  mesh,  while  the  coarse 
material  gradually  works  toward  the  outlet.  By  adjusting  the  slope 
of  the  cylinder  the  number  of  revolutions  is  regulated  through  which 
the  material  must  pass  before  reaching  the  outlet.  A  spray  of  water 
from  above  washes  loose  any  material  adhering  to  the  screen  and 
materially  iacreases  the  capacity.  Such  a  screen  requires  little 
power  and  has  been  found  very  efficient.  The  material  that  passes 
through  runs  into  a  concentrating  tank. 


CONCBNTRATINQ  TANK. 


The  concentrating  tank  is  merely  a  reservoir  or  a  series  of  reser- 
voirs (see  By  PI.  XV)  in' which  the  kaolin  slip  stands  until  it  has 
settled  sufficiently  to  permit  drawing  off  the  excess  water.  Settling 
is  very  slow  in  some  cases,  and  to  hasten  settling  it  is  customary 
throughout  the  region  to  introduce  a  flocculator,  in  the  form  of  alum, 
into  the  slip  as  it  passes  into  the  concentrating  tanks.  The  alum  in 
lump  form  is  placed  in  a  muslin  bag  suspended  in  the  trough  leading 
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from  the  screen.     After  settling,  the  excess  water  is  siphoned  off  and 
the  thick  kaolin  slip  is  run  into  an  agitator. 


AGITATOB. 


The  agitator,  which  is  shown  in  figure  12,  is  a  large  cylindrical 
tank,  in  the  center  of  which  is  a  shaft  with  radiating  paddles.  The 
paddles  stir  the  kaolin  slip  into  a  homogeneous  mixture,  and  in  this 
condition  it  is  pumped  from  the  agitator  into  the  presses. 


PUMP. 


The  pump  used  for  filling  the  presses  is  a  simple  piston  or  plunger 
pump,  driven  by  belt  or  occasionally  by  steam  direct.    The  valve 


FiouBS  12.— Agitator  naed  In  reflnJng  kac^n. 

and  valve  seats  have  to  be  made  of  material  that  will  resist  abrasion. 
Valves  of  rubber  and  valve  seats  of  bronze  are  commonly  used.  An 
overflow  is  provided  in  order  that  the  rate  of  pumping  may  be  kept 
at  the  maximum  and  the  time  for  filling  the  presses  be  reduced  to 
tlie  minimum. 

PBB8SE8. 

The  presses  were  formerly  made  of  wooden  plates  30  inches  square 
and  2  to  3  inches  thick,  hollowed  out  on  each  side  for  a  depth  of 
one-half  to  three-fourths  inch.  Canvas  was  stretched  over  tlie 
surfaces  and  the  plates  were  set  in  batteries  of  50  to  75.  To  intro- 
duce the  slip  into  the  openings  between  the  plates,  a  groove  was 
made  through  the  rim  of  each  plate  on  the  top  side,  so  that  when 
two  plates  were  placed  together  the  opening  left  was  just  sufficient 
to  receive  a  small  iron  pipe.  To  allow  the  water  to  pass  out  after 
being  forced  through  the  canvas,  a  series  of  small  holes  was  bored 
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through  the  rim  along  the  lower  edge  of  the  plate  and  in  the  face  of 
each  plate  grooves  were  cut  leading  to  these  outlets.  The  pressure 
on  these  wooden  presses  never  exceeded  a  few  pounds  and  the 
removal  of  water  from  kaolin  slip  by  their  use  was  very  slow. 

All  of  the  plants  now  operating  ih  the  r^ion  investigated  use  a 
filter  press  having  a  heavy  cast-iron  and  steel  frame  and  heavy 
cast-iron  plates.  (See  A,  PL  XVI.)  The  kaolin  slip  is  intro- 
duced tlirough  an  opening  in  the  center  of  the  platea  and  the  canvas 
covering  is  sewed  securely  about  these  openings.  The  outlets  for 
water  are  the  same  as  in  the  old  wooden  presses,  but  are  more  numer- 
ous. With  the  presses  now  used  the  kaolin  slip  may  be  introduced 
at  much  higher  pressure,  and  in  most  cases  a  pressure  of  100  to  120 
pounds  per  square  inch  is  maintained  in  finishing  the  filling  of  a  press. 
After  the  press  is  filled  with  solid  kaolin  the  pump  is  stopped,  tJic 
screw  that  holds  the  press  plates  together  is  withdrawn,  and  the 
cakes  of  pressed  kaolin  are  removed.  The  cakes  are  not  absolutely 
dry,  but  contain  from  8  to  20  per  cent  Water,  hence  additional  drying 
is  necessary  before  the  kaolin  is  ready  for  shipment. 

DRIERS. 

The  final  drying  of  kaolin  is  accomplished  by  three  different 
devices:  Open-air  driers,  steam  driers,  and  tunnel  driers. 

An  open-air  drier  consists  merely  of  a  building  containing  racks 
on  which  the  kaolin  cakes  may  be  exposed  to  the  air  and  the  mois- 
ture gradually  evaporated. 

A  steam  drier  consists  of  an  open  building,  on  the  floor  of  which 
are  placed  steam  pipes  connected  at  one  end  with  heaters.  (See  B, 
PI.  XVI.)  The  damp  kaolin  is  dumped  directly  upon  these  pipes, 
where  it  dries.  When  diy,  the  kaolin  is  shoveled  off  the  pipes  and 
is  loaded  directly  into  cars  or  wagons  for  shipment. 

The  tunnel  drier  is  a  device  borrowed  from  modem  brick  making. 
On  removal  from  the  filter  press  the  cakes  of  damp  kaolin  are  loaded 
upon  rack  cars,  which  hold  about  1  ton  each.  These  cars  are  run 
into  the  drier,  which  is  so  constructed  that  the  cars  run  by  gravity 
toward  the  outlet.  As  a  car  of  damp  kaolin  enters  the  drier  a  car 
of  kaolin  that  has  been  dried  is  taken  from  the  opposite  end.  T]ie 
method  of  heating  the  air  for  tliis  type  of  drier  varies.  The  system 
used  in  this  region  is  to  force  the  air  by  fan  through  steam  coils  and 
into  the  drier. 


ELEVATED  FILTER  PRESSES. 


N  ON  THE  ST£*M  P 


MINING  AND  TREATMENT  OF  FELDSPAR  AND  KAOLIN.  79 

FAILURES  IN  KAOUN  MINING  IN  THE  REOION  INYESTI- 
QATED;  CAUSES  AND  REMEDIES. 

INSTTFFICIBNT  FBOSFBCTINO. 

The  failure  of  the  majority  of  kaolin-miniiig  plants  erected  in  the 
southern  Appalachian  region  is  due  chiefly  to  insuflicient  or  improper 
prospecting  before  the  establishment  of  the  plant. 

The  exposure  of  a  small  quantity  of  high-grade  kaolin  has  resulted 
in  the  erection  of  a  plant  before  the  extent  of  the  deposit  was  definitely 
determined.  After  the  deposit  has  proved  small  or  of  inferior 
quality,  and  in  case  no  other  deposit  in  the  district  could  be  effi- 
ciently handled  by  the  washing  plant  owing  to  its  location,  the  plant 
is  closed  and  perhaps  dismantled,  but  stands  as  a  warning  to  future 
prospectors  for  kaolin. 

Had  a  thorough  investigation  of  the  deposit  shown  kaolin  in 
commercial  quantities,  and  had  the  prospects  of  kaolin  from  neigh- 
boring deposits  been  ascertained,  the  plant  could  have  been  so 
placed  that  its  success  as  an  investment  would  have  been  assured. 

INKFVICIBNT  MININO  METHODS. 

Another  cause  of  failure  in  many  kaolin-mining  enterprises  through- 
out this  district  is  the  inefficiency  of  the  mining  methods  employed. 
The  removal  of  overburden  by  shafts  instead  of  by  open-cuts,  the 
smking  of  shafts  where  bands  of  quartz  are  known  to  exist  and  must 
be  cut,  inability  to  cope  with  water  in  shafts,  and  the  necessary 
abandoning  of  much  valuable  kaolin  on  this  account,  are  all  causes 
•which,  combined,  have  resulted  in  many  failures.  Failure  to  cope 
with  such  difficulties  can  be  charged  only  to  poor  engineering,  since 
many  mines  have  successfully  operated  under  exactly  similar  con- 
ditions. 

OFBBATINO  BBLOW  CAPACITY  OF  PLANT. 

A  third  cause  of  failure  throughout  the  r^on  is  the  common 
practice  of  operating  at  less  than  maximum  capacity.  In  a  majority 
of  the  ventures  that  failed  the  mines  did  not  produce  sufficient 
material  to  operate  the  washing  plant  to  its  capacity  and  no  strenuous 
effort  was  made  to  increase  their  output.  Consequently  the  opera^ 
tion  of  the  washing  plant  and  many  other  fixed  charges  had  to  be 
prorated  against  a  reduced  production,  which  changed  the  balance 
from  profit  to  loss.  Some  of  these  poorly  balanced  operations  have 
been  due  to  the  deposit  proving  smaller  than  at  first  supposed,  but 
in  such  an  event  only  one  course  is  open  to  the  operator — the  deposit 
must  be  worked  to  the  maximum  capacity  of  the  equipment  and 
when  it  is  exhausted  other  deposits  must  be  sought. 

80421**— Bull.  63—13 6 
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The  difficulties  confronting  the  operator  of  large  kaolin  deposits 
are  thus  shown  to  be  not  inherent  obstacles  but  rather  the  result  of 
poor  engineering  practice. 

WASTBFUIi  PBACTICBS  IN  BSFININO  THE  KAOLIN. 

Several  wasteful  practices  in  refining  kaolin  are  prevalent  through- 
out this  district.    The  worst  are  discussed  below. 

OBUSHIKa  AND  PULVEBIZma  MICA  IN  0BX7BE  KAOLIN. 

The  common  practice  of  dumping  all  small  blocks  of  mica  into  the 
flume,  where  they  are  battered  about  on  the  journey  to  the  washing 
plant,  results  in  mixing  with  the  kaolin  much  fine  mica  that  is 
removed  with  difficulty;  in  many  cases  this  mica  is  not  removed 
but  lowers  the  grade  of  the  kaolin  produced. 

LACK  OF  BLENDINO  FACILITIES. 

The  common  practice  of  rushing  the  kaolin  from  the  mine  to  the 
washing  plant  provides  for  no  blending  of  material  from  the  various 
parts  of  the  workings  before  washing.  The  small  settling  tanks  and 
concentrating  tanks  provide  little  opportunity  for  blending  lai^e 
quantities  of  material.  The  natural  result  is  a  variation  in  physical 
properties  of  shipments  from  the  same  deposits,  and  this  discourages 
confidence  in  the  material  produced. 

VARIATION  OF  SLIP  DENSITY  IN  THE  SAND  AND  MICA  TROUGHS. 

The  irregularity  with  which  material  is  fed  into  the  washing 
apparatus  results  in  a  variation  in  the  density  of  the  slip.  When 
the  kaolin  slip  is  dense  it  may  carry  a  large  amount  of  sand  and 
mica  beyond  the  mica  troughs  and  into  the  settling  tanks.  When 
the  slip  is  thin,  all  sand  and  mica  quickly  settle  out  in  the  troughs 
and  only  the  finest  kaolin  reaches  the  settling  tanks.  Thus  the 
regulation  of  the  crude  material  fed  into  the  washing  plant  is  an 
important  point  if  a  uniform  product  is  desired. 

OPBBATION  OF  SHALL  BBPOSITS. 

The  development  of  the  kaolin  industry  in  this  region  is  dependent 
upon  the  utilization  of  the  kaolin  from  the  small  dikes,  those  that 
are  worked  at  present  for  mica  only  and  from  which  the  kaolin  is 
wasted.  Several  of  these  deposits  if  worked  with  due  regard  for 
kaolin  as  well  as  mica  would  produce  almost  as  much  kaolin  as 
some  operating  kaolin  plants,  but  in  the  majority  of  cases  the  output 
would  be  from  1  to  5  tons  per  day. 
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CENTRAL   KAOLIN-W ASHING   PLANT. 

The  handling  of  this  quantity  of  material  would  not  justify  the 
erection  of  a  power-operated  washing  plant  in  most  instances,  but 
where  several  extensiye  mica  mmes  are  producing  kaolin  as  a  waste 
product,  a  commercial  kaolin-washing  plant  of  moderate  size  could 
doubtless  be  operated  with  profit,  the  crude  kaolin  being  bought  at  a 
price  based  on  its  kaolin  content.  A  thorough  blending  system  would 
be  necessary  in  order  to  insure  a  uniform  product,  and  ample  storage 
would  be  required  to  carry  reserve  stock  in  order  to  make  blending 
possible.  The  uncertainties  of  kaolin  mining  would  be  eliminated 
from  such  a  venture,  and  since  the  costs  of  operating  the  necessary 
plant  are  easily  determined,  the  enterprise  should  make  a  safe  invest- 
ment. However,  the  utilization  of  kaolin  by  a  central  washing  plant 
is  only  practical  when  the  plant  is  within  a  few  miles  of  the  som*ce 
of  supply;  otherwise  the  expense  of  hauling  the  enormous  amount  of 
associated  dike  material  to  the  washing  plant  would  make  the  venture 
unprofitable. 

Where  the  kaolin  supply  is  scattered  over  a  large  area  and  opera- 
tions can  not  be  conveniently  centralized,  the  only  plan  available  is 
to  concentrate  the  kaolin  and  sell  it,  either  as  washed  kaolin  or  as 
concentrated  crude  kaolin. 

Where  time  is  not  an  important  consideration,  the  washing  of 
kaolin  may  be  successfully  accomplished  without  the  use  of  any 
machinery  and  a  product  equal  to  the  best  machine-washed  kaolin 
produced. 

HAND  WASHING   KAOLIN. 

Hand  washing  of  kaolin  is  copied  in  part  from  similar  operations  in 
Cornwall,  England,  and  has  been  altered  to  suit  the  conditions  in  the 
region  investigated.  The  crude  material  is  placed  in  a  shallow  level 
tank  measuring  approximately  4  by  20  feet.  Water  is  admitted  at 
one  end  and  passes  out  at  the  other,  the  material  meanwhile  being 
vigorously  stirred  with  shovels  to  loosen  the  hard  kaolin  which  ad- 
heres. The  water  from  the  tank  enters  a  sand-settling  trough  meas- 
uring approximately  2  by  50  feet  by  1  foot  deep.  In  passing  this 
the  coarse  sand  settles  and  the  fine  material  passes  out  at  the  opposite 
end,  which  is  partly  closed  by  a  gate  8  or  10  inches  high.  The  mate- 
rial that  settles  must  be  stirred  occasionally  to  liberate  any  kaolin 
caught  in  it.  From  the  sand  trough  the  kaolin  slip  passes  into  the 
mica  troughs,  which  are  similar  to  those  used  in  ail  kaolin-washing 
plants  and  are  approximately  1  foot  wide  and  in  50-foot  sections, 
either  eight  or  ten  sections  being  used.  The  depth  of  slip  in  these 
troughs  is  regulated  by  the  flow  of  water,  as  ordinarily  they  contain 
no  retarding  strips.    These  troughs  are  built  in  batteries  side  by  side. 
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The  slip  flows  from  one  trough  to  the  next,  back  and  forth,  and  at  the 
end  flows  onto  a  series  of  screens  which  are  so  built  that  the  overflow 
from  the  first  screen  passes  onto  the  second  and  then  onto  the  third. 

The  size  of  screen  must  be  selected  especially  for  the  work  in  hand. 
Some  crude  kaolins  can  be  cleaned  of  the  last  traces  of  floating  mica 
by  the  use  of  the  100-mesh  screen,  whereas  others  require  the  120- 
mesh  screen  or  even  150-mesh  screen  to  remove  the  finest  mica. 
The  mesh  stated  is  the  number  of  meshes  per  linear  inch. 

Thus  a  great  proportion  of  the  mica  not  settled  in  the  troughs  is 
removed  and  the  refined  kaolin  passes  into  the  concentrating  tanks, 
which  should  be  approximately  30  by  10  feet  by  6  to  8  feet  deep. 
There  should  be  two,  so  that  slip  may  be  introduced  into  one  tank 
while  the  other  is  in  use.  When  a  tank  is  filled  the  slip  shoiJd  be 
allowed  to  stand  untU  the  kaolin  has  settled  completely  to  a  thick 
paste  and  the  clear  water  can  be  siphoned  off.  After  removal  of  the 
water,  the  kaolin  paste  is  transferred  to  shallow  evaporatiag  tanks, 
approximately  30  by  10  feet,  and  not  more  than  2  feet  deep.  Here 
the  material  may  remain  until  any  desired  degree  of  drying  has  been 
reached.  Much  time  will  be  saved,  however,  if  the  material  is 
removed  as  soon  as  it  will  hold  together  and  exposed  upon  open-air 
drying  racks.  In  the  Cornwall  district  the  material  when  dry  enough 
to  move  with  a  shovel  is  transferred  to  the  top  of  a  tile-covered  oven 
approximately  100  by  5  feet  in  area  and  consisting  of  two  long  flues. 
Here  the  last  traces  of  water  are  removed.  The  material  after  drying 
is  marketable  kaolin. 

Material  that  has  been  once  washed  for  kaolin  may  be  wisely 
removed  from  the  washing  tank  and,  after  air-drying,  may  be  re- 
washed,  often  to  produce  considerable  marketable  kaolin. 

PRECAUTIONS     FOB     THE     HEALTH     AND     SAFETY     OF 

WORKMEN. 

Labor  conditions  throughout  the  southern  Appalachian  region  are 
satisfactory,  the  demand  for  workmen  being  supplied  by  native 
laborers.  Most  of  the  small  mines  are  operated  for  mica  only  and  the 
workmen  work  on  a  percentage  basis  and  thus  assume  their  own  risk. 
The  precautions  for  the  safety  of  the  workmen  thus  employed  are  few, 
but  long  acquaintance  with  this  kind  of  work  enables  the  miner  to 
judge  the  condition  of  walls  and  roof,  and  therefore  accidents  in  small 
mines  in  this  district  are  rare.  In  mica  mines  the  entering  shaft  is 
generally  cribbed,  but  beyond  this  no  timbering  is  done  except  where 
a  mass  of  roof  cracks  or  a  wall  shows  unmistakable  signs  of  ^ving 
way.  Mining  methods  in  most  of  the  small  mines  have  improved  very 
slowly.  Black  powder  for  blast'mg  has  been  replaced  by  40  per  cent 
dynamite  in  most  mines  and  fuse  has  been  replaced  by  electric  deto- 
nators in  some  places.    No  artificial  ventilation  of  mines  is  used  in  this 
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district  and  ia  few  instances  is  it  required.  Where  ''ground-hog" 
mining  methods  are  practiced,  the  difficulty  of  removing  even  the 
smaQ  amount  of  dike  material  which  must  be  taken  to  the  surface 
makes  it  economical  to  open  new  surface  connections  at  short  inter- 
vals. Hence  a  number  of  outlets  to  most  mines  are  provided  and 
ventilation  is  assured. 

The  most  dangerous  practice  in  connection  with  small  mining 
operations  in  this  district  is  the  building  of  lofts  in  stoping.  These 
lofts  are  constructed  of  small  hewn  timbers  and  are  loaded  to  the 
crushing  point  with  refuse  material.  The  miner  is  often  required  to 
pass  under  such  lofts  daily  or  hourly  and  during  blasting  the  danger 
of  these  old  lofts  collapsing  becomes  very  great,  as  the  timbers  are 
rotten  from  the  damp  atmosphere  of  the  mine. 

In  mining  kaolin  by  shafts  timbering  is  carefully  done  and  there  is 
little  or  no  danger  from  the  collapse  of  timbering. 

The  robbing  of  the  dikes  in  the  neighborhood  of  the  shafts  is 
effected  by  means  of  short  tunnels  which  are  seldom  timbered,  as 
the  danger  from  caving  is  very  small.  The  tunnels  rarely  reach  10 
feet  in  length  and  are  about  4  feet  wide,  hence  the  miner  would 
have  little  difficulty  in  escaping  in  case  the  roof  or  waUs  collapsed. 
The  material  in  these  short  tunnels  rarely  caves,  no  doubt  because 
the  robbing  of  the  dike  is  never  attempted  until  the  full  depth  to 
which  the  dike  is  workable  has  been  reached.  Thus  the  surrounding 
dike  material  has  ample  opportunity  to  drain  before  being  disturbed. 

A  precaution  that  is  generally  neglected  throughout  this  district 
is  the  erection  of  substantial  guard  rails  about  the  mouths  of  open  I 

shafts.  It  is  necessary  in  the  removal  of  material  for  several  men 
to  work  constantly  about  the  mouths  of  the  shafts,  often  leaning 
over  the  open  shafts,  and  a  misstep  is  almost  certain  to  result  in  I 

a  man  falling  in.    No  barrier  is  provided  about  the  mouth  of  the  I 

open  shafts  to  prevent  refuse  material  rolling  in  and  falling  upon  ! 

the  workmen  below.  After  the  shaft  is  sunk  to  the  maximum  depth 
and  the  robbing  of  the  dike  begins,  the  workmen,  if  warned  of  the 
falling  of  something  into  the  shaft,  may  seek  refuge  in  the  short  ' 

tunnels,  but  in  shaft  sinking  no  such  escape  is  possible. 

Each  shaft  is  provided  with  a  ladder  from  bottom  to  surface  for 
the  use  of  workmen  who  do  not  wish  to  enter  and  leave  the  shaft 
by  means  of  the  buckets.  The  ladders,  although  seldom  used,  are 
generally  kept  in  good  repair.  The  buckets  are  made  of  barrels 
strongly  banded  with  steel  hoops  and  additionally  reinforced  with 
bands  of  iron  passing  completely  under  the  bottom.  The  hoisting 
cable  in  the  lai^er  operations  is  f -inch  or  |-inch  steel  cable,  and  the 
maximum  capacity  of  the  buckets  is  about  600  pounds.  Where 
the  buckets  are  operated  by  hand  windlasses  hemp  cable  is  used 
for  hoisting,  and  this  is  never  less  than  i  inch  in  diameter.    The  load 
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lifted  is  never  more  than  400  pounds.  The  cables  used  are  carefully 
inspected  by  the  operators  at  frequent  intervals,  as  they  fully 
realize  the  damage  that  would  result  from  the  breaking  of  a  cable 
with  the  workmen  directly  below. 

The  general  health  of  workmen  in  the  region  is  excellent,  and 
although  they  are  much  exposed  to  the  weather  when  operations 
are  continued  throughout  the  winter  months,  little  sickness  is  re- 
ported. The  health  of  workmen  employed  about  kaolin-washing 
plants  is  fully  up  to  the  average.  No  injurious  results  are  to  be 
expected  from  such  labor  and  none  is  reported.  Workmen  em- 
ployed in  the  handling  of  kaolin  that  has  been  artificially  dried  are 
forced  to  work  in  a  somewhat  dusty  atmosphere,  but  no  case  of 
injury  to  health  has  been  recorded,  although  workmen  have,  been 
continuously  employed  in  this  work  for  many  years. 

POOR  ROADS. 

One  of  the  greatest  hindrances  to  the  development  of  the  mining 
industry  of  this  region  is  the  poor  roads.    Throughout  the  district 
between  the  Blue  Ridge  and  the  GreatSmoky  Mountains  few  im- 
proved roads  exist.     Within  the  past  five  years  an  effort  has  been 
made  to  reduce  the  grade  on  many  of  the  roads  and  thus  lessen  the 
excessive  washing  each  winter.     This  washing  ruins  every  road  with 
a  steep  grade,  and  each  spring  a  great  amount  of  grading  must  be 
done  before  the  roads  are  fit  for  hauling.     Road  building  in  many 
sections  is  nothing  more  than  "brushing,*'  which  consists  of  filling 
the  guUeys   with   brush   and  covering  the  brush  with  soil.    The 
brush  prevents  washing  to  some  extent,  but  the  water  collects  in 
the  soft  soil  to  make  miry  places.     The  soil  consists  principally 
of  weathered  gneiss  carrying  much  chlorite  and  other  micaceous 
material,  which  is  a  poor  road  foundation,  and  until  the  building 
of  roads  is  undertaken  in  a  more  substantial  manner  the  hauling  of 
material  for  a  great  distance  will  be  difficult,  if  not  impossible.    In 
some   districts  granitic   material  is   available   and   the  p^matite 
material  from  the  dikes  has  been  used  to  a  limited  extent,  but  the 
use  of  these  materials  is  very  limited  except  in  the  vicinity  of  some 
of  the  larger  towns.    The  best  roads  in  this  district  are  the  creek 
beds,  which  in  many  places  furnish  a  solid,  although  rough  road, 
always  passable  except  in  time  of  freshet.    During  a  short  period 
in  winter,  when  the  ground  is  frozen,  hauling  can  be  done  with  rea- 
sonable economy  over  all  roads. 

The  summer  season  during  which  hauling  is  possible  lasts  about 
six  months,  from  May  to  November,  varying  from  year  to  year. 

The  transport  of  the  dike  materials  except  by  railroad  must 
therefore  be  more  or  less  periodic,  depending  upon  the  weather  and 
season.    This  fact  is  considered  in  hauling  lumber  throughout  this 
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region,  and  the  work  is  so  arranged  that  no  great  inconvenience 
results.  The  same  plan  could  be  followed  by  kaolin  miners,  and 
storage  might  be  provided  at  the  plant  and  railroad  so  that  operar 
tioDS  could  be  continued  during  the  seasons  when  roads  are  blocked. 
The  difficulty  of  haulage  may  at  many  mines  be  overcome  by 
careful  selection  of  the  site  for  the  washing  plant  so  that  the  washed 
kaolin  may  be  floated  a  large  part  of  the  distance  to  the  railroad, 
there  pressed  and  dried,  and  then  by  a  short  haul  dehvered  to  the 
shipping  point. 

MICA   AS   A  BY-PRODUCT   OF   KAOUN   MINING. 

At  many  pegmatite  dikes  that  have  been  worked  for  kaolin  no 
attenfpt  has  been  made  to  save  any  mica  found  except  such  as  prom- 
ises to  cut  first-class  sheet  mica  or  at  least  high-grade  electric  mica. 

Large  amounts  of  mica  that  is  not  sound  have  been  either  thrown 
on  the  dump  or  allowed  to  remain  in  the  crude  kaolin  to  be  pulver- 
ized, and  thus  increase  the  proportion  of  the  most  injurious  constitu- 
ent in  the  washed  kaolin. 

Solid  ciystals  of  mica  that  are  too  smaU  to  promise  sheet  material, 
but  are  solid  and  would  produce  first-grade  small  "punch  mica,"  have 
been  wasted  in  many  places  where  kaoUn  has  been  mined,  and  are 
now  buried  under  other  refuse  material,  which  makes  later  recovery 
practically  impossible.  Such  mica  varies  in  size  from  1  inch  to  2J 
inches  in  diameter,  and  blocks  weighing  one-fourth  to  1  pound  are 
frequently  noted  in  the  dumps  about  the  kaolin  mines,  particularly 
in  the  refuse  from  the  sand  wheels.  The  collecting  of  this  material 
has  never  been  attempted  by  mechanical  means^  but  its  removal  by 
hand  sorting  would  be  perfectly  feasible  if  the  refuse  from  the  sand 
wheels  were  conveyed  by  a  broad  picking  belt  to  the  dump.  Such 
solid  mica  is  always  marketable  for  "punch  mica'';  from  it  small 
disks  are  "punched/'  or  cut  by  die,  and  are  used  as  insulators  in 
electrical  appliances.  The  mica  that  is  not  solid  is  useful  only  for 
"grinding  mica,"  and  of  this  the  supply  in  recent  years  does  not 
equal  the  demand. 

In  addition  to  this  coarse  mica,  a  large  amoimt  of  fine  mica,  partly 
broken  from  larger  blocks  and  partly  in  the  form  of  small  crystals,  is 
carried  past  the  sand  wheels  and  collects  in  the  sand-settUng  trough 
or  tank.  The  amoimt  obtained  by  experiments  in  Macon  Coxmty, 
North  Carolina,  would  indicate  that  a  screen  of  coarse  mesh  intro- 
duced either  at  the  inlet  or  outlet  of  the  sand-settling  trough  would 
yield  a  good  quantity  of  mica  of  small  size  which,  by  washing,  could 
be  freed  from  sand  and  made  suitable  for  grinding  mica. 

In  most  plants  for  washing  kaolin  in  this  region  the  screens  at  the 
outlet  of  the  mica-settling  troughs  yield  Uttle  else  but  mica  mixed 
with  a  small  amount  of  kaolin.    The  rewashing  of  this  material  re- 
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moves  the  fine  kaolin,  and  the  mica  may,  by  a  small  amount  of 
grinding,  be  prepared  for  market. 

Nearly  all  marketed  kaolins  from  this  district  contain  fine  mica. 
This  could  be  removed  to  a  great  extent  by  the  use  of  finer  screens 
and  a  thinner  slip  in  washing.  The  mica  that  would  thus  be  recovered 
has  been  estimated  to  be  worth  more  than  twice  that  of  an  equal 
amount  of  the  kaolin  in  which  it  forms  an  impurity. 

The  size  of  this  waste  mica  varies  in  different  portions  of  this  dis- 
trict, as  does  ako  the  color,  although  the  luster  seems  to  be  uniformly 
good. 

The  territory  west  of  Cowee  Moxmtain  in  Macon  County  and  the 
Tuckasegee  River  district  of  Jackson  County  yield  chiefly  coarse 
mica,  except  where  pulverized  by  the  washing  process.  The  fine 
mica  recovered  in  these  territories  is  in  the  refuse  from  the  sand 
wheels  and  in  the  sand  troughs. 

In  Swain  Coimty,  North  Carolina,  the  white  pegmatites  yield  a 
considerable  amount  of  fine  mica  in  the  sand  troughs  and  a  small 
amount  in  the  mica  troughs  and  screens,  although  this  district  is  not 
rich  in  fine  white  mica. 

The  expanded  lenses  of  the  territory  about  Sprucepine,  Mitchell 
Coimty,  N.  C,  are  chiefly  productive  of  mica  finer  than  the  size 
removed  by  sand  wheels.  The  sand-settling  tank,  the  mica  troughs, 
the  screen  refuse,  and  even  the  washed  kaolin  itself  contain  much 
mica  of  small  size,  and  the  color  of  this  mica  is  very  good,  being  green 
mica  in  many  cases  and  of  high  luster.  The  narrow,  more  sharply 
defined  dikes  in  this  neighborhood  do  not  yield  much  small  mica. 
Fine  mica  of  good  quality  was  ako  noted  in  deposits  in  Bimcombe 
Coimty,  North  Carolina,  and  in  Pickens  County,  Georgia,  at  the 
southwest  extreme  of  the  region  investigated. 

ORINDINO  MICA  FOR  WALL  PAPER,  ELECTRICAL  INSU- 
LATION, AND  LUBRICATION- 

Although  a  lai^e  amount  of  sheet  mica  for  use  in  stove  fronts  and 
for  electrical  purposes  is  shipped  each  year  from  this  discrict,  an 
enormous  amount  of  mica  is  mined  annually  that  is  not  solid  and 
is  valuable  only  as  grinding  mica. 

The  method  of  grinding  mica  is  unique,  since  the  process  is  shred- 
ding rather  than  abrasion.  The  process  in  detail  is  as  follows:  The 
coarse  mica  is  washed  by  passing  it  through  a  revolving  cylindrical 
screen  upon  which  water  plays  and  thus  any  fine  sand  is  washed  away. 
The  washed  mica  scrap  collects  in  a  tank  of  water  and  any  refuse 
that  floats  is  carried  off  by  the  water,  which  constantly  overflows  the 
tank. 

The  mica-grinding  mill  into  which  the  mica  next  goes  is  a  cylin- 
drical wooden  vat  3  feet  high  and  approximately  3  feet  in  diameter 
with  a  wall  6  to  8  inches  thick,  built  of  wooden  blocks  set  with  the 
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end  of  the  grain  toward  the  inside  to  present  a  wearing  surface. 
The  grinder  is  a  wooden  wheel  about  6  inches  thick  that  fits  loosely 
inside  the  vat.  This  wheel  is  built  of  ordinary  plank  cut  to  present 
as  much  end  grain  as  possible  and  spiked  together  to  give  the  desired 
thickness.  It  is  attached  to  a  heavy  vertical  shaft  in  the  center  of 
the  vat  and  is  rapidly  revolved  by  steam  or  water  power.  The  pres- 
sure of  the  wheel  on  the  material  in  the  vat  is  maintained  by  a  pres- 
sure spring  from  above. 

The  operation  consists  of  charging  the  mill  with  washed  scrap 
mica  and  adding  just  enough  water  to  provide  the  desired  lubrica- 
tion. The  wheel  is  then  started  and  pressed  down  until  it  takes  a 
firm  hold  upon  the  mica.  The  friction  of  the  wheel  against  the 
mica  scrap  causes  the  sheets  of  mica  to  be  forced  between  the  laminae 
of  adjoining  sheets  and  thus  the  large  blocks  and  sheets  are  gradually 
torn  to  pieces  and  reduced  to  the  pulverized  mica  of  commerce. 
After  8  to  10  hours  the  mill  is  emptied,  and  by  a  flotation  system 
similar  to  that  used  for  removing  mica  from  kaolin  the  fine  mica  is 
separated.  The  coarse  mica  is  returned  to  the  mill  and  the  fine 
mica  is  allowed  to  settle  and  the  water  drawn  off.  The  mica  is  then 
removed  to  drying  tables  where  it  is  spread  to  dry.  After  drying  it 
is  placed  in  regular  bolting  machines  similar  to  those  used  for  bolt- 
mg  flour;  the  last  trace  of  coarse  material  is  removed  and  returned 
to  the  grinding  mill.  One  such  grinding  mill  will  produce  from  250 
to  400  pounds  of  160-mesh  mica  per  day,  hence  many  mills  are  neces- 
sary for  a  large  output. 

When  no  water  is  used  with  the  mica  in  grinding,  the  process  is 
more  rapid,  but  the  product  lacks  the  luster  of  the  wet-ground  mica 
and  is  marketable  only  for  lubrication  products  and  for  use  In  electri- 
cal insulation. 

The  supply  of  mica  for  this  industry  has  been  obtained  up  to  the 
present  time  from  operating  mica  mines,  with  occasional  supplies 
brought  in  from  abandoned  mica  sheds  where  refuse  material  has 
accumulated. 

The  supply  is,  however,  not  equal  to  the  demand,  and  each  year  is 
finding  the  operators  of  mica-grinding  mills  working  farther  into 
the  mountains  in  search  of  material.  The  material  that  must  be 
ultimately  used,  and  which  it  is  safe  to  predict  will  equal  in  quality 
the  present  material,  is  the  refuse  mica  from  the  kaolin  plants.  This 
material  constitutes  in  some  places  more  than  15  per  cent  of  the 
total  deposit,  and  in  washing  the  kaolin  more  than  65  per  cent  of  the 
coarse  material  that  passes  the  mica-settling  troughs  is  pure  white 
mica.  Thus  the  process  of  obtaining  this  material  must  change 
soon  from  a  search  for  coarse  material  for  grinding  to  a  utilization 
of  the  partly  ground  material  already  at  hand  and  now  being  dis- 
carded as  waste. 
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ANAXiTSES  OF  F£IJ>8PAR,  SEMIKAOIJ[NIZED  FEIiDSPAR, 
KAOLIN,  OCHER,  SCHROETTERITB,  QUARTZ,  AND  WAD. 

Analyses  of  feldspar,  semikaolinized  feldspar,  kaolin,  ocher,  schroet- 
terite,  quartz,  and  wad  are  presented  below.  These  analyses  have 
been  collected  from  various  sources  as  the  references  indicate.  Ele- 
ments other  than  those  mentioned  were  not  sought  by  the  analysts. 

Analyses  of  feldspars. 


nine. 


Wlttaerapoon  mica  mine, 
Ashe  County,  N.  C.a — 

Avery  Meadow  mica  mine, 
Avery  County,  N.  C.6  «.. 

Plamtree  mica  mine,Avery 
County,  N.  C.a 

Lisle  Knob  mica  mine,  Ma- 
con County,  N.  C.a , 

McOuire  Proopect,  Maoon 
County,  N.  C.a 

Southern  Clay  Co.  mine, 
Macon  County.  N.  C.a 

Carolina  Mineral  Co.  (Al- 
bitej,  Mitchell  County, 
N.C.o 

Carolina  Mineral  Co.  (Mi- 
crocline),  Mitchell  Coun- 

Cloudl&nd     mica     mine, 

Mitchell  County.  N.  C.be 
Cook  mica  mine,  Mitchell 

County,  N.  C.a 

Flat    Rock    mica   mhie, 

Mitchell  County,  N.  C.be 
Wiseman      mica     mine, 

Mitchell  County,  N.  C.^e 
Granite     from     Mitchell 

County*  N.  C.a 

Rav  mica  mine,  Yancey 

County,  N.  C.a 

Do.oc 

McNichols  Co.  mine,  Bed- 
ford County,  Va.a 


HtO. 


0.90 

■•••■« 

.17 

,  .30 

.60 

.50 

1.00 

.30 

I  •   •  a   •  • 

.40 


.90 
.20 


.10 


SiOs. 


64.48 
62.96 
65.87 
65.40 
63.90 
64.30 

64.92 

65.68 

66.18 

64.98 

65.15 

64.85 

75.10 

68.18 
63.55 

68.75 


AltOs. 


19.43 
19.66 
17.92 
20.70 
19.97 
19.64 

22.28 

19.08 

21.60 

19.45 

19.04 

19.90 

15.57 

20.12 
20.20 

18.56 


Fe,0| 


0.01 


.02 
.10 
.15 
.06 

.21 

.14 


Trace 


.47 
.05 


.03 


Ti0«. 


Trace. 


Traoe. 
TxBoe. 
Tiaoe. 
Trace. 

Trace. 

Traoe. 


Trace. 


.08 
Trace. 


Trace. 


CaO. 


TiBoe. 
Trace. 

.17 
L60 

.05 
Traoe. 

1.60 

Trace. 

.64 

.06 

.12 

.00 

LIO 

.85 
Trace. 

1.25 


MgO. 


Trace. 


Traoe. 
Trace. 
TxBoe. 
Traoe. 

Trace. 

Trace. 


Trskoe. 


Trace. 
.05 


Traoe. 


BaO. 


0.00 


.00 
.00 
.70 
.17 

.00 

.00 


.00 


.00 
.00 


.00 


NaiO. 


1.84 
7.64 
2.10 
6.10 
1.01 
1.32 

9.20 

2.08 

8.36 

2.54 

7.00 

10.04 

2.86 

9.38 
6.65 

4.20 


KtO. 


13.19 
8.80 

18.05 
6.00 

13.20 

14.00 

1.10 

13.09 
.04 

12.46 

7.28 

X91 

3.49 

.66 
8.73 

6.85 


Total. 


99.85 


98.80 
100.20 

99.58 
100.01 

loasi 
loas? 


99.83 


99L52 
99.49 

99.  $3 


a  Analysis  by  Prof.  D.  J.  Demorest,  Ohio  State  University. 

b  Elements  not  mentioned  were  not  sought. 

e  Analysis  by  the  North  Carolina  Geological  Survey. 

Analyses  of  semikaolinized  feldspars. 
[D.  J.  Demorest,  analyst.] 


Mine. 

HtO. 

SiOs. 

AlsOi. 

Fe«0» 

TiOi. 

CaO. 

MgO. 

BaO. 

NatO. 

KtO. 

Total. 

Forest   Hill   mica   mine, 
Jackson  County,  N.  C . . . 

Moore  mica  mine,  Maoon 
County,  N.C 

0.90 
2.06 
1.40 
5.42 
1.34 
3.60 

.94 

63.35 
63.74 
62.47 
65.05 
63.32 
60.47 

63.60 

20.07 
20.90 
21.00 
22.39 
20.45 
23.45 

20.40 

0.15 
.12 
.05 
.29 
.07 
.10 

.32 

Trace. 
Trace. 
Traoe. 
.12 
Trace. 
Trace. 

Trace. 

0.08 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 

Trace. 

Trace. 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 

Trace. 

0.00 
1.10 
.30 
.30 
.00 
.00 

.00 

1.11 
.19 
.90 
.21 
.80 
.65 

.50 

18.70 
11.70 
18.62 
6.53 
14.20 
IZIO 

14.40 

99.31 
99.80 

Southern  Clay  Co.  mine, 
Macon  County,  N.C 

Seth   Freeman    prospect, 
Madison  County,  N.  C . . . 

Flukin  Ridge  mica  mine, 
Mitchell  County,  N.C... 

TrfngiAiMi  Hni  mica  mine. 
Rutherford  County,  N.C. 

Harris  Clay  Co.,  Bryson 
City  mine,  Swafai  Coun- 
ty.N.C 

99.74 
100.31 

ioai8 

100.37 
100. IC 
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Analyaes  of  kaolins. 
[D.  J.  Demorest,  analyst.] 


Mine. 


Kinaland  mine,  Haywood 
County,N.C 

Buchanan  prospect,  Jack- 
son County,  N.  C 

Forest  Hill  nuca  mine, 
Jackson  County,  N.  C. . . 

Harris  Clay  Co.,  Dillaboro 
mine,  Jacluon  County, 
N.C 


Piedmont  Tin  Mining  Co., 
Lincoln  County,  N.  C. . . 

Gomey  Clay  Co.,  Maoon 
Coonty.N.C 

MeOaiiB  prospect,  Maoon 
Coonty.N.C 

Raby  mica  niine,  Maoon 
Coonty.N.C 

J.  J.  Smith  prospect,  Ma- 
con County,  N.  C 

Soothem  Clay  Co.,  Macon 
Coanty,N.C 

Weat  prospect,  Maoon 
Coun^,N.C 

HarriB  Clay  Co.,  Spnioe- 

?ine     mine.     Mitchell 
oanty,N.C 

Tolley  mica  mine,  Mitchell 

County.  N.C 

Harris  Clay  Co.,  Bryson 
City  mine,  Swain  Coun- 

ty.N.C 

Elisabeth  Smith  mica 
mine,  Taocey  County, 

N.C : 


HsO. 


11.90 
13.77 
1^53 

13.99 
12.00 
14.72 
14.00 
13.80 
12.55 
13.22 
12.70 

14.80 
14.00 

14.10 

13.10 


SiOi. 


60.64 
46.30 
49.20 

46.95 
48.50 
44.00 
46.35 
46.90 
48.05 
46.67 
48.92 

45.20 
46.35 

46.95 

45.95 


AlsO». 


35.57 
39.06 
37.58 

37.73 
37.35 
40.79 
39.00 
38.60 
37.60 
39.07 
36.37 

88.45 
38.80 

37.24 

39.20 


FOiOs 


0.25 
.20 
.17 

.15 
.85 
.11 
.30 
.25 
.31 
.11 
.37 

.45 
.25 

.40 

.05 


TlOi. 


0.08 
.04 
Trace. 

.05 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 

.02 

.02 

Trace. 
Trace. 

.05 

Trace. 


CaO. 


Tmoe. 
Trace. 
Trace. 

Trace. 
Trace 
Trace. 
Trace 
Trace 
Trace. 
Trace. 
Trace. 

Trace. 
Trace. 

Trace. 

Trace. 


MgO. 


Trace. 
Trace. 
Trace. 

Trace. 
Trace 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 
Trace 

Trace. 
Trace. 

Trace. 

Trace. 


BaO. 


0.07 
.00 
.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 
.03 

.00 

.03 


Na«0. 


0.06 
.11 
.13 

.18 
.32 
.07 
.00 
.26 
.02 
.11 
.11 

.00 
.00 

.24 

Trace. 


KiO. 


Total. 


1.70 
.60 
.47 

.60 
1.02 
.55 
.50 
.89 
.91 
.25 
.29 

.65 
.41 

.49 

.50 


100.24 
100.08 
100.08 

09.66 

100.04 

100.24 

100.15 

1(».20 

99.53 

90.45 

96.78 

09.55 
vv^o4 

99.47 

98.83 


Analyses  ofocher,  schroetterUe,  sugar  quxaiz,  and  wadfi 

[D.  J.  Demorest,  analyst.) 


Material  and  locality. 

Loss 
on  ig- 
nition. 

SlOf. 

AljO,. 

FesOa. 

TiOj. 

NaiO. 

K|0. 

MntOi. 

CaO+ 
NiO. 

CuO. 

Ocher,  Tonce  prospect,  Ma- 
con County,  w.  C 

Schroetterite,  Jackson  County , 
N.  C».......... ....... ...... 

13.50 

28.10 

.10 
15.30 

15.40 

21.90 

99.32 
33.20 

10.25 

49.60 

.49 
24.60 

51.00 

.30 

Trace. 
4.00 

0.30 

aio 

Siuar  (juarta,  Macon  County, 

Wad,  Macon  County,  N.  C 

.25 

21.80 

0.75 

a50 

a  Elements  not  mentioned  were  not  sought. 

FELDSPAR  MINES  AND  PROSPECTS, 

GEOBGIA. 

DALLAS.      OLD  TUBNER   MICA   MINE.      MIOROCLINE. 

This  mine  is  5  miles  north  of  Dallas,  Paulding  County,  Ga.  The  near- 
est shipping  point  is  Dallas.  The  workings  are  one-fourth  mile  north  of 
the  farmhouse  on  two  knolls.  The  openings  are  pits  that  have  long 
smce  caved,  making  attempts  at  investigation  unsatisfactory.  Two 
bands  of  pegmatite  are  visible  on  one  knoll,  but  both  contain  much 
coarse  quartz  and  do  not  exceed  18  inches  in  diameter.     A  broad 
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band  of  feldspar^  reported  to  be  present  in  these  workings,  could  not 
be  reached,  owing  to  the  condition  of  the  pits. 

Samples  of  the  pegmatite  taken  from  the  exposed  part  of  the  dike 
show  a  deformation  temperatm*e  ranging  from  1,305®  to  1,325®  C, 
and  fuse  to  a  clear  glass  with  a  slightly  yellow  tint. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  fired  at  1,300^  0.  the  feldspar  shows  vitrification,  but  at  1,350^  no 
warpage.  The  color  is  the  same  as  the  standard  trial.  Fired  at  1,350^  in  the  mixture, 
this  feldspar  has  a  translucency  of  0.62.  The  transmitted  light  is  cream  colored;  the 
plastic  molded  shrinkage  green  to  1,350°  C,  15.5  per  cent.  Under  the  raw-lead  and 
fritted  glazes  the  color  is  unaltered. 

JASPER.      DAYIS   MIOA  MINE.       MICROCLINE. 

This  mine  is  4i  miles  south  of  Jasper,  Pickens  Coimty,  Ga.  The 
nearest  shipping  point  is  Jasper.  It  is  an  open  pit,  originally  6  by  8 
by  8  feet  deep.  The  caving  of  walls  and  washings  from  surroimding 
fields  have  practically  refilled  the  pit  so  that  there  is  little  opportunity 
to  study  the  formation.  The  pit  is  located  in  an  open  lot  25  feet 
above  a  small  brook  and  is  surroimded  on  all  sides  by  much  higher 
ground. 

The  mine  is  in  a  pegmatite  dike  about  4  feet  wide,  has  a  general 
north  strike,  and  where  exposed  an  almost  vertical  dip.  No  other 
exposure  of  this  dike  is  found  near  by,  and  hence  its  industrial  impor- 
tance can  not  be  determined.  A  kaolinized  dike  (see  p.  118)  of  similar 
pegmatite,  located  one-fourth  mile  west  of  this  deposit,  has  practi- 
cally the  same  strike  and  dip. 

The  dike  where  exposed  consists  almost  entirely  of  unaltered  feld- 
spar with  intergrowths  of  quartz,  giving  a  graphic  structure.  The 
feldspar  is  milk-white,  free  from  any  impurity  except  minute  seams 
of  silica,  and  a  small  amount  of  muscovite  mica,  which,  however,  is 
not  much  mixed  with  the  feldspar. 

The  feldspar  has  a  deformation  temperature  ranging  from  1,305^  to 
1,325°  C,  and  fuses  to  a  clear  bright  glass. 

Properties  in  standard  porcelain  mixture. 

In  the  standard  porcelain  mixture  fired  at  1,300^  C.  the  feldspar  shows  vitrification, 

hut  at  1,350^  no  warpage.     Its  color  in  the  porcelain  mixture  is  practically  the  same 

as  the  standard  trial.    Any  difference  in  color  is  in  favor  of  the  feldspar.    Fired  at 

1,350^  in  the  mixture  this  feldspar  shows  a  cream  tint  and  a  translucency  of  0.65  and  a 

total  plastic  shrinkage  of  15.6  per  cent.    Under  the  raw-lead  and  fritted  glasee  ttie 

color  is  unaltered. 

NO&TH  CA&OUNA. 

BAKEBSVILLE.      BUCKEYE   MIOA  HIKE. 

This  mine  (91)  is  at  the  head  of  White  Oak  Creek,  5  miles  southeast 
of  BakersviUe,  Mitchell  Coimty,  N.  C.  This  dike  is  about  8  feet  wide, 
and,  near  the  surface,  is  almost  pure  feldspar,  but  the  feldspar  appar- 
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ently  forms  a  lens  and  pinches  out  at  a  depth  of  about  10  feet,  below 
which  is  pegmatite.  The  dike  strikes  north  and  dips  almost  vertically. 
An  inclined  tunnel  has  been  driven  into  this  dike  and  its  face  is  re- 
ported to  be  40  feet  below  surf  ace,  but  this  tunnel  is  filled  with  water 
and  there  is  no  other  way  to  ascertain  whether  the  lower  portions  of 
the  dike  contain  pure  feldspar. 

BAKBBSVILLE.      CLOUDLAND   MICA  MINE.      ALBITE. 

This  mine  (92)  is  on  the  north  face  of  a  spur  of  Yellow  Mountain 
400  feet  above  the  Bakersville-Pliimtree  road^  1  mile  south  of  the 
road  and  5  miles  east  of  Bakeraville,  Mitchell  Coimty,  N.  C.  The 
nearest  shipping  point  is  Toecane,  2  miles  west  of  Bakersville. 

This  pegmatite  dike  averages  14  to  16  feet  in  diametei*,  the  mica 
running  chiefly  along  the  walls.  It  strikes  N.  40*^  E.  and  dips  75*^  SE. 
Adjoining  the  walls  are  numerous  bands  of  pegmatite  very  low  in 
feldspar  and  carrying  large  amoimts  of  garnet^  tourmaline,  beryl, 
biotite,  mica,  and  other  impurities.  This  dike  has  been  opened  for 
120  yards  and  to  a  depth  of  70  feet  in  places.  The  open-cut  aver- 
ages about  35  feet  deep.  The  high-grade  feldspar  band  in  the  mid- 
dle of  this  dike  averages  about  4  feet  thick  and  has  the  following 
chemical  composition: 

ComposUion  of  high-ffrade  feldspar  hand.o^ 
SiOj 66.18 

ALA 21.60 

K/) 04 

NajO 8.35 

CaO 64 


95.81 


This  feldspar  has  a  deformation  temperature  ranging  from  1,295° 
to  1,300®  C,  and  produces  a  milk-white  glass  when  fused. 

Properties  in  standard  porcelain  mixture. 

In  this  mixture  the  feldspar  produces  vitrification  at  1,300^  C,  and  at  1,350^  shows 
Blight  warping.  The  color  is  equal  to  the  standard  trial.  The  transluccncy  is  0.69 
and  the  transmitted  light  is  cream  colored.  The  total  shrinkage  is  15.3  per  cent  in 
the  mixture  fired  to  1,350^,  3  per  cent  drying  shrinkage,  and  12.3  per  cent  firing 
flhrinkage.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

BAKBBSVILLE.      LICK  BIDGE   MICA   MINE. 

This  mine  (85)  is  2  miles  northeast  of  Bakersville,  Mitchell  County, 
X.  C,  on  Lick  Ridge,  a  spur  of  Pumpkin  Patch  Mountain. 

The  dike  is  a  mixture  of  feldspar  and  pegmatite.  The  feldspar  band 
in  the  upper  portion  of  the  exposure  is  as  much  as  8  feet  thick,  but 

•See  North  Carolina  OeoL  Surr.,  Eoonomlc  Paper  No.  6,  p.  49. 
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rapidly  narrows  and  at  a  depth  of  about  10  feet  practically  pinches 
out,  being  replaced  by  pegmatite.  The  dike  strikes  north  and  is 
exposed  about  60  feet.  Since  the  depth  of  the  exposure  is  only  10 
feet,  not  enough  material  is  exposed  to  justify  an  opinion  as  to  the 
advisability  of  Tnining  operations  and  therefore  no  sample  was  taken. 

BAKEBSYILLE.      J.   T.    WILSON   BOCA  MINE. 

This  prospect  (90)  is  2  miles  southeast  of  Bakersville,  Mitchell 
County,  N.  C.,  on  White  Oak  Creek. 

The  pegmatite  dike  is  15  to  18  feet  wide  and  is  exposed  about  60  feet 
along  the  slope  of  a  hill  that  runs  to  the  northeast.  The  dike  strikes 
N.  20°  E.  Along  the  walls  there  is  mica,  but  the  mica-bearing  peg- 
matite is  never  more  than  4  feet  wide,  leaving  a  band  of  practically 
pure  feldspar.  A  stream,  however,  has  followed  the  dike  down  the 
hill  and  has  so  thoroughly  percolated  the  dike  that  attempts  to  obtain 
satisfactory  samples  by  removing  a  reasonable  amount  of  the  outer 
portion  of  the  dike  failed.  No  feldspar  has  been  taken  out,  therefore 
no  sample  was  taken. 

BANDANA.   OLD  GOUOE  MICA  MINE.   ANOBTHOCLASE. 

This  mine  (84)  is  on  a  ridge  150  feet  above  the  Bandana-Penland 
road  and  1  mile  southeast  of  Bandana,  Mitchell  County,  N.  C.  Galax, 
the  nearest  shipping  point,  is  2^  miles  distant.  This  dike  is  about  3 
feet  wide  where  exposed  and  has  been  worked  for  a  distance  of  60  feet 
by  open-cut.  The  pegmatite  carries  little  quartz  and  a  few  scattered 
garnets.  The  mica  is  found  chiefly  along  the  walls.  The  dike  strikes 
west  and  dips  75°  S.  The  feldspar  sampled  is  white  and  of  high 
luster.  Its  deformation-temperature  range  is  from  1,300°  to  1,310° 
C,  and  it  fuses  to  a  semitransparent  glass  free  from  yellow  tint. 

Properties  in  standard  porcelain  mixture. 

In  this  mixture  the  feldspar  produces  vitrification  at  1,300^  C,  and  at  1,350^  produces 
slight  warping.  The  color  is  equal  to  that  of  the  standard  trial.  The  translucency  at 
1,350°  G.  is  0.71  and  the  transmitted  light  is  cream  colored.  Shrinkage  of  the  plastic 
molded  mixture  from  green  to  1,350°  C.  is  15  per  cent,  the  drying  shrinkage  being  3  per 
cent  and  the  firing  shrinkage  12  per  cent.  Under  the  raw-lead  and  fritted  glazes  the 
color  is  unaltered. 

BEAYEB   CREEK.      HAMILTON   MICA   MINE.       MICBOCLINE. 

This  mine  is  2  miles  northwest  of  Beaver  Creek,  Ashe  County,  N.  C, 
on  Elk  Mountain.  The  nearest  railroad  is  at  Shouns  Crossroads  23 
miles  northwest,  too  far  for  haulage. 

It  is  a  very  coarse  pegmatite  dike  averaging  6  to  8  feet  thick,  rich  in 
feldspar,  but  never  free  from  quartz  particles.  However,  the  feldspar 
appears  to  be  uniform  in  quality.     The  strike  is  N.  20^  E.,  and  the  dip 
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80^  E.  The  mica  is  present  in  some  parts  of  this  dike  as  isolated 
pockets,  in  others  scattered  through  the  pegmatite,  rendering  those 
parts  worthless  as  a  source  of  feldspar.  The  dike  material  was  sam- 
pled where  free  from -mica.    The  tests  gave  the  following  results: 

Deformation  temperature  range,  1,290^  to  1,310^  C.  Color,  when 
fused,  free  from  yellow  tint;  only  a  slight  milkiness. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  this  feldspar  produces  a  vitreous  mass  at  1,300^  C,  and  at  1,350^  a 
very  alight  warping  occurs.  The  color  is  equal  to  the  standard  trial.  Fired  at  1,350^  0. 
it  has  a  translucency  of  0.66  and  the  transmitted  light  is  cream  colored.  The  total 
shrinkage  is  15.8  per  cent,  drying  shrinkage  3.4  per  cent,  and  firing  shrinkage  12.4  per 
cent.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

BEAVEB  CBEEK.      NORTH   HARDIN   MICA   MINE.      MIGROCLINE. 

This  mine  is  1^  miles  west  of  Beaver  Creek,  Ashe  County,  N.  C. 
The  nearest  shipping  point  is  Shouns  Crossroads^  24  miles  north- 
west.   This  is  too  far  for  road  haulage. 

It  is  a  narrow  dike  that  has  been  worked  extensively  along  the 
surface  for  mica.  The  strike  is  N.  20°  E.  and  the  dip  70°  to  80°  E. 
The  dike  averages  about  6  feet  thick  and  contains  a  band  of  micro- 
cline  from  i  to  4  feet  thick.  A  narrow  band  of  anorthoclase  is  also 
present  in  a  number  of  places.  The  wall  rock  is  solid  gneiss.  The 
feldspar  of  this  dike  is  very  free  from  impurities,  which  are  chiefly 
quartz  and  mica  and  a  few  scattered  iron  garnets.  The  microcline 
has  a  deformation  temperature  ranging  from  1,295°  to  1,310°  C. 
When  fused  it  becomes  practically  clear  and  shows  no  yellow  tint. 

Properties  in  standard  porcelain  mixture. 

This  feldspar  in  the  mixture  produces  a  vitreous  mass  at  1,300^  C,  and  at  1,360^ 
shows  a  slight  tendency  to  warp.  Its  color  is  equal  to  the  standard.  Fired  at  1,350^ 
C.  this  feldspar  produces  a  translucency  of  0.74,  and  the  transmitted  light  is  cream 
colored.  Total  shrinkage  is  16  per  cent,  drying  shrinkage  3  per  cent,  and  firing 
rfirinkage  13  per  cent.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

BUBNSYILLE.      RAY  MICA  MINE.      ALBriE. 

This  mine  (72),  which  has  been  one  of  the  most  productive  mica 
mines  in  the  county,  is  3  mfles  southeast  of  Bumsville,  Yancey  County, 
N.  C,  on  the  south  face  of  a  ridge  that  runs  off  from  Black  Mountain. 
The  nearest  shipping  point  is  Micaville,  4  miles  east.  The  workings 
are  scattered  along  the  slopes  of  a  cove  and  are  all  on  the  same  dike, 
which  strikes  N.  40^  E.  and  dips  85*"  SE.  The  dike  has  in  the  center 
a  dean  feldspar  band  averaging  5  feet  wide,  and  numerous  narrow 
bands  with  more  or  less  quartz  on  both  sides.  Some  of  these  narrow 
bands  are  separated  from  one  another  by  thin  quartz  bands,  but  a 
lai^  part  of  the  dike  could  be  hand  cobbed  and  marketed  as  feldspar. 
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The  upper  portion  of  the  mine  has  been  worked  by  open-<nit  to  a 
depth  of  40  feet,  below  which  shaft  mining  has  been  carried  on  to  a 
depth  of  110  feet.  The  dumps  of  this  shaft  consist  very  largely  of 
marketable  feldspar,  which  was  sampled  and  analyzed  with  the  fol- 
lowing result: 

Chemical  (malyns. 

H  jO 0. 20 

SiOj 68.18 

AljO, 20.12 

FejOj 06 

TiOj Trace. 

CaO 85 

MgO 06 

KjO 66 

NaaO 9.38 

99.49 
Chemical  analyns  in  1901.*^ 

SiOz 63.55 

AI2O3 20.20 

KaO 8.73 

NaaO 6.65 

99.13 

The  albite,  which  was  exposed  in  abundance  during  the  summer 
of  1911,  has  been  tested  with  the  following  results: 

Deformation  temperature  range,  1,270*^  to  1,275*^  C;  color,  when 
fused  at  1,330*^  C,  an  opaque  white  with  no  yellow  tint. 

PropertieB  in  standard  porcelain  m/ixture. 

In  this  mixture  the  feldspar  gives  a  vitreous  mass  at  1,275^  C.  and  warps  sli^tly  at 
1,330^  G.  The  color  is  slightly  bluish  by  comparison  with  pure-white  trials.  Fired 
at  1,350^  G.  the  translucency  is  0.65  and  the  transmitted  light  is  cream  colored.  The 
total  shrinkage  at  1,350°  G.  is  15  per  cent,  which  consists  of  3  per  cent  drying  shrink- 
age and  12  per  cent  firing  shrinkage.  Under  the  raw-lead  and  fritted  glazes  the  color 
is  unaltered. 

FBANKLIN.      BUBNINOTOWN  HIOA  KINE.      HICBOCLIKE. 

This  mine  (18)  is  3  miles  southeast  of  Bumingtown  Bald,  Macon 
County,  N.  C.  The  nearest  shipping  point  is  Franklin,  Macon  County, 
N.C. 

The  mine  is  in  a  pegmatite  dike,  rich  in  feldspar,  and  averages  about 
8  feet  wide,  which  has  in  the  middle  a  quartz  band  varying  from  2 
feet  to  3  feet  wide.  Other  lenses  of  quartz  are  numerous.  The  strike 
is  generally  west;  the  dip  80*^  N.  Mica  is  found  chiefly  along  the 
walls,  and  the  main  portion  of  the  pegmatite  is  very  dean.  Mining 
has  been  for  mica  only.  A  similar  feldspar  is  found  in  small  quantity 
in  the  Wayah  Bald  mica  mines  (17),  which  are  3  miles  southwest. 

•See  Eoonomy  Paper  No.  6.  North  CaxoUiui  Oeol.  Surv.,  pp.  4M0. 
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The  mine  comprises  an  open-cut  150  feet  long  and  a  tunnel  300  feet 
long  penetrating  the  dike  125  feet.  The  pegmatite  has  a  deformation 
temperature  ranging  from  1,305°  to  1,320°  C.  Color,  slightly  milky 
when  fused,  but  free  from  yellow  tint. 

Properties  in  standard  porcelain  mixtwre. 

In  the  Btandard  porcelain  mixture  this  pegmatite  gives  a  vitreous  mass  at  1,310^  G. . 
ind  warping  is  very  slight  at  1,350^.  Color  is  equal  to  the  standard  trial.  Translucency 
at  1,350®  is  0.65.  Transmitted  light  is  cream  colored.  Shrinkage  in  the  standard 
plutic  porcelain  mixture  is  15.3  per  cent,  green  to  1,350®.  Under  the  raw-lead  and 
fritted  glazes  the  color  is  unaltered. 

FRANSUN.      CAMPBELL-HIGDON  MICA  MINE.      MIGBOGLINE. 

This  mine  (47)  is  IJ  miles  west  of  Watauga  Gap  on  Cowee  Moun- 
tam,  Macon  Coimty,  N.  C.  Franklin,  Macon  County,  is  9  miles  south- 
west and  Dillsboro,  Jackson  County,  is  12  miles  northeast  of  this 
mine.  Franklin  has  the  advantage  of  better  roads  and  shorter  haul 
and  Dillsboro  the  advantage  of  a  slightly  lower  freight  rate  to  north- 
em  markets. 

The  pegmatite  is  cut  by  two  tunnels,  and  at  one  point  is  10  feet 
thick,  with  a  4-foot  quartz  band  in  the  center.  Owing  to  a  thick 
oyerburden  of  loose  ground,  mining  has  been  very  difficult.  Since 
the  most  productive  workings  are  partly  kaolinized  material  adjoin- 
ing the  wall  rock,  the  fresh  pegmatite  has  not  been  thoroughly  ex- 
posed and  its  extent  can  not  be  estimated.  The  operations  are, 
however,  on  a  steep  mountain  side,  and  the  loose  material  could  be 
economically  removed  in  case  open-cut  miniug  for  feldspar  should  be 
attempted. 

The  feldspathic  portion  of  this  dike  has  a  deformation  temperature 
ranging  from  1,305^  to  1,320^  C,  and  on  deformation  becomes  a  pale 
milky  white  without  yellow  tint. 

Properties  in  standard  porcelain  mixture. 

In  this  mixture  the  feldspar  produces  vitrification  at  1,300^  C,  and  at  1,350^  shows 
very  slight  warpage.  The  color  is  similar  to  the  standard  trial.  The  translucency  is 
0.67  and  the  transmitted  light  is  cream  colored.  The  shrinkage  in  plastic  mixture, 
from  green  to  1,350^  C,  is  15.7  per  cent.  Under  the  raw-lead  and  fritted  glazes  the 
cobr  is  unaltered. 

FRANSLIK.      UBLE    KNOB   MICA    MINE.      ALBITE  AND  ANORTHOOLASE. 

This  mine  (21)  is  on  the  southwest  face  of  Lisle  Knob;  1^  miles 
east  of  the  Little  Tennessee  River  and  5  miles  north  of  Franklin, 
Macon  Coimty,  N.  C,  which  is  the  nearest  shipping  point.  The  de- 
posit is  a  pegmatite  lens  about  30  feet  thick  and  is  opened  by  tun- 
nel for  a  length  of  75  feet  and  a  depth  of  36  feet.  The  strike  is  N.  10° 
E.  and  dip  is  80°  W.  The  east  half  of  the  lens  contains  many  quartz 
bands  and  numerous  clusters  of  iron  garnets,  but  the  west  half  is  very 
clean  except  for  iron  garnets,  which  would  necessitate  careful  sort- 

8D421*— Bull.  63—13 1 
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ing  to  obtain  the  highest  possibly  grade  of  product.  This  lens  is 
covered  with  about  40  feet  of  loose  overburden,  but  the  wall  rock  is 
a  solid  gneiss. 

This  deposit  was  carefully  sampled;  the  feldspar  was  found  to 
have  the  following  chemical  composition: 

Chemical  composition. 
HjO 0.30 

SiOa 65. 40 

A1,0, 20.70 

FejOj 10 

TiOj Trace. 

CaO L60 

MgO Trace. 

K,0 6.00 

Na^O 6.  ]0 

100.20 

The  deformation  temperature  ranges  from  1,260®  to  1,265°  C; 
the  color  after  fusion  is  dull  white,  free  from  yellow  tint. 

Properties  in  standard  porcelain  mixture. 

In  thiB  mixture  the  feldspar  gives  a  vitreous  mass  at  1,265^  C,  and  warpe  slightly 
at  1,350®.  The  color  is  slightly  blue  by  comparison  with  the  standard  trial.  Trans- 
lucency  is  0.72  and  transmitted  lig^t  is  cream  colored.  Total  plastic  shrinkage, 
when  fired  to  1,350®  0.,  is  15.9  per  cent.  Under  the  raw-lead  and  fritted  glazes  the 
color  is  unaltered. 

FRANKLIN.      h'OUIBE   FBOSPEGT.      MIGBOCLINE. 

This  prospect  (42)  is  at  the  head  of  McGuire  Cove,  on  the  south- 
west face  of  Tremont  Mountain,  4  miles  northwest  of  Franklin, 
Macon  County,  N.  C,  and  1  mile  north  of  and  500  feet  above  the 
Franklin  Andrews  road.  The  nearest  shipping  point  is  Franklin. 
The  formation  is  a  dike  of  feldspar  10  feet  in  diameter  where  ex- 
posed, and  bisected  vertically  by  a  band  of  sugar  quartz  2  feet  thick. 
This  dike  strikes  southwest  and  dips  south.  The  wall  rock  is  Caro- 
lina gneiss,  and  at  this  point  is  very  soUd.  The  deposit  is  opened  the 
width  of  the  dike,  and  for  a  height  of  15  feet  and  a  depth  of  8  feet 
into  the  mountain.  An  average  sample  of  this  deposit  shows  the 
following  chemical  composition: 

Chemical  composition. 
HjO 0.60 

SiOj 63.90 

AlaOj 19.97 

FejOg 15 

TiOa Trace. 

CaO 05 

MgO Trace. 

KjO 13.20 

NajO LOl 

BaO 70 

99.58 
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The  deformation  temperature  range  is  1,315^  to  1,330^  C.  Color 
is  milky  when  fused,  but  free  from  yellow  tint. 

Properties  in  standard  porcelain  mixtyre. 

In  the  mixture  this  feldepar  gives  a  vitreous  mass  at  1,310^  C,  and  at  1,350^  no 
warping  is  noted.  The  color  is  slightly,  but  positively,  superior  to  the  standard  trial. 
Translucency  at  1,350^  G.  is  0.68.  Transmitted  light  is  cream  colored.  Shrinkage 
in  standard  plastic  porcelain  mixture  is  as  follows:  Green  to  1,350^  C,  14.7  per  cent. 
Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

FRANKLIN.      NEAL  BRYSON   MICA  MINE.      ALBITE. 

This  mine  (20)  is  on  the  Franklin- West  Mills  road,  on  the  east  bank 
of  the  Little  Tennessee  River,  6  nules  north  of  Franklin,  Macon 
County,  N.  C,  which  is  the  nearest  shipping  point.  The  dike  is  from 
2  to  12  feet  wide.  It  strikes  west  and  dips  70®  N.  at  the  east  end 
and  30**  S.  at  the  west  end.  This  mine  has  been  worked  only  for 
mica,  which  generally  follows  the  south  wall.  The  dike  is  a  feldspar- 
rich  pegmatL,  and  has  in  the  middle  a  quartz  band  varying  in 
thickness  from  a  few  inches  to  about  3  feet.  Mining  operations  con- 
sist of  a  number  of  shafts  about  70  feet  above  the  road  and  a  tunnel 
crosscutting  the  dike  at  the  road  level.  From  the  shafts  the  dike 
material  was  removed  by  stoping  until  the  cutting  of  the  tunnel  re- 
cently made  possible  the  removal  of  the  material  from  below.  The 
abandoned  stopes  in  the  old  workings  are  filled  with  feldspar  and 
quartz  bowlders,  but  much  feldspar  has  been  dumped  about  the 
mouth  of  the  shafts  and  the  entrance  to  the  tunnel. 

The  feldspar  of  this  dike  has  a  deformation  temperature  ranging 
from  1,295°  to  1,300*^  C.  As  mined,  it  has  a  peculiar  blue-gray  tint 
but  on  fusing  it  becomes  a  pale-cream  enamel. 

Properties  in  standard  porcelain  mixture. 

In  this  mixture  the  feldspar  gives  a  vitreous  mass  at  1,300^  C,  and  only  a  trace 
of  warping  at  1,350^.  The  color  is  slightly  bluish,  but  is  not  discernible  except  by 
comparison  with  pure-white  triab.  In  the  porcelain  mixture  the  translucency  is  0.65 
and  the  transmitted  light  is  cream  colored.  The  shrinkage,  green  to  1,350^  C,  is 
15  per  cent  in  standard  plastic  mixture.  Under  the  raw-lead  and  fritted  glazes  the 
color  is  unaltered. 

FRANEXIN.      SHEFFIELD  MICA   MINE.      MICROCLINE. 

This  mine  is  2  miles  north  of  Franklin,  Macon  County,  N.  C,  on 
the  east  bank  of  the  Little  Tennessee  River,  in  a  dike  about  12  feet 
wide  which  strikes  west  and  dips  SC  N.  The  dike  consists  of  a 
number  of  distinct  bands.  The  one  adjoining  the  south  wall  is  a  low- 
grade  pegmatite  and  carries  the  mica.  A  band  of  pegmatite  rich  in 
feldspar  joins  this  on  the  north,  and  adjoining  this  is  a  band  or  lens 
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of  pure  feldspar.  This  is  separated  from  the  north  wall  by  a  band  of 
quartz.  The  feldspar-rich  pegmatite  where  exposed  is  about  4  feet 
thick  and  the  feldspar  is  2)  feet  thick. 

Mining  is  difficult  because  the  mine  is  below  the  level  of  the  river 
during  the  winter  months  and  water  fills  all  openings. 

The  deformation  temperature  range  of  this  feldspar  is  from  1,315^ 
to  1,330°  C.     Color,  milky  when  fused  but  free  from  yellow  tint. 

Properties  in  standard  poredam  nuxture. 

In  this  mixture  the  feldspar  gives  a  vitreous  mass  at  1,320°  0.,  and  at  1,350^  shows 
no  warping.  Color  is  equal  to  the  standard  trial.  Translucency  fired  at  1,350^  is 
0.67  with  a  cream  tint.  Total  shrinkage  is  14.8  per  cent.  This  oonsistB  of  3  per  cent 
drying  shrinkage  and  11.8  per  cent  firing  shrinkage.  Under  the  raw-lead  and  fritted 
glazes  the  color  is  imaltered. 

FRAKELIN.      SOT7THEBN   CLAY  CO.   MINE.      OBYSTAIXINE  ORTHOCLASE. 

The  orthoclase  was  obtained  from  beneath  the  Southern  Clay  Co. 
kaolin  deposit  at  Franklin,  Macon  County,  N.  C.  It  occurs  as  clearly 
defined  orthoclase  crystals  of  milk-white  color  and  was  pulverized  to 
pass  a  150-mesh  brass  screen. 

Chemical  compositum. 
HaO 0.50 

SiOj 64. 30 

AljO, 19. 64 

FejOg 08 

TiOj Trace. 

OaO Trace. 

MgO Trace. 

BaO 17 

K2O 14.00 

NajO 1.32 

100.01 

This  feldspar  has  a  deformation  temperature  ranging  from  1 ,305°  to 
1,325°  C,  and  when  fused  to  a  glass  becomes  clear  and  without  a 
trace  of  color  that  can  be  detected  by  the  eye. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  this  feldspar  shows  vitrification  at  1,300^  C,  and  at  1,350®  only  a 
slight  warpage.  The  color  is  a  purer  white  than  that  of  the  standard  trial.  The 
translucency  is  0.67.  Total  plastic  shrinkage  is  13.8  per  cent  when  fired  to  1,350®. 
Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

GALAX.   YOUNG  AND  RAY  PE08PBCT. 

This  prospect  (74-75)  is  on  the  Black  Mountain  R.  R.  between 
Galax,  Mitchell  County,  and  Micaville,  Yancey  County,  N.  C.  The 
pegmatite  is  a  coarse  aggregate  of  feldspar  and  quartz  with  a  liberal 
sprinkling  of  biotite  and  garnet.  The  greatest  width  of  the  "deposit" 
is  200  to  250  yards  but  approximately  one-half  of  this  width  is  country 
rock  and  the  remainder  comprises  lenses  and  bands  of  pegmatite  of 
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vaiying  widths;  the  broadest  area  recorded  is  four  bands,  all  of  impure 
pegmatite  but  free  from  wall  material;  which  has  a  total  width  of  75 
feet.  The  only  band  of  pure  feldspar  recorded  is  one  6  feet  in  width 
in  the  middle  of  this  75-foot  pegmatite  area. 

JSFFEBSON.   GOLDmON  PBOSFEOT. 

This  prospect  is  3^  miles  northeast  of  Jefferson,  Ashe  County,  N.  C, 
and  due  southeast  from  the  Witherspoon  mica  mine.  The  dike  where 
exposed  is  pegmatite,  about  50  per  cent  feldspar  and  50  per  cent 
quartz,  and  contains  few  garnets  or  other  objectionable  material. 
The  face  of  the  dike  for  a  depth  of  15  feet  is  exposed  along  the  south 
side  of  the  Jefferson-Spartan  road.  The  width  of  the  dike  is  15  to  18 
feet.  There  are  no  pure  feldspar  bands  and  the  mine  is  25  miles  from 
the  railroad.    No  further  examination  was  made. 

JEFFERSON.      WrTHEBSPOON   BOCA  MINE.      MICBOOLINE. 

This  mine  is  on  the  southeast  face  of  Little  Phoenix  Mountain,  3^ 
miles  northeast  of  Jefferson,  Ashe  County,  N.  C,  and  one-half  mile 
north  of  the  Jefferson-Sparta  road. 

The  pegmatite  dike  is  about  10  feet  thick  and  strikes  N.  40^  E. 
The  dip  of  the  exposed  portion  is  vertical.  Mica  had  been  mined  at 
two  points  about  one-fourth  mile  apart  previous  to  1901.  The  dike 
is  chdefiy  feldspar.  The  mica  is  largely  in  the  bands  adjoining  the 
wall  rock  and  no  associated  minerals  besides  quartz  are  noted.  The 
feldspar  band  of  this  deposit  was  sampled  and  analyzed.  The  chemi- 
cal composition  is  as  follows: 

Componiion  of  feldspar. 
Efi 0.90 

SiOa 64.48 

AlaO, 19.43 

FcjO, 01 

TiOa Trace. 

OaO Trace. 

MgO Trace. 

K,0 13.19 

NaaO 1.84 

99.85 

The  deformation  temperature  range  is  from  1,290®  to  1,310*^  C. 
When  fused  the  feldspar  shows  only  a  ti*ace  of  cloudiness  and  is  free 
from  yellow  tint. 

Properties  in  standard  porcelain  mixture. 

In  the  miztore  this  feldspar  produces  a  vitreous  mass  at  1,300°  C,  and  at  1,350° 
dkowB  very  slight,  if  any,  warping.  The  color  is  fully  equal  to  the  standard  trial, 
^ired  at  1,350°  C.  this  mixture  has  a  translucency  of  0.72  and  the  transmitted  light 
IB  cnam  colored.  Total  shrinkage  of  15.4  per  cent,  drying  shrinkage  3  per  cent  and 
firing  shrinkage  12.4  per  cent.  Under  the  raw-lead  and  fritted  glazes  the  color  ia 
unaltered. 
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PENLAND.      CAROLINA  MINERAL   CO.  MINE.       MICROCLINE  AND  ALBITE. 

A  broad  lens  (110)  is  exposed  on  both  sides  of  the  North  Toe 
River,  one-fourth  mile  east  of  the  railroad  station  at  Penland, 
Mitchell  County,  N.  C.  The  dike  that  includes  this  lens  strikes  about 
west;  on  the  north  side  of  the  river  it  dips  75°  to  80°  S.,  and  on  the 
south  side  80°  to  85°  S.  The  dike  is  15  to  35  feet  wide  and  contains 
isolated  lenses  of  soda  feldspar,  but  most  of  the  dike  is  microcline. 
It  contains  little  quartz,  which  is  present  chiefly  as  bands  along  the 
walls  or  as  isolated  lenses.  Mica  is  found  in  pockets,  and  in  places 
garnets  are  associated  with  the  mica.  Uranium-bearing  minerals 
are  also  present,  and  many  nugget-like  masses  containing  pitch- 
blende have  been  found  in  mining  operations.  Small  quantities  of 
beryl  also  have  been  found. 

Quarrying  began  in  the  spring  of  1911.  Regular  quanying 
.methods  have  been  used  so  far,  tunnels  being  used  for  prospecting 
purposes  only.  A  depth  of  50  feet  has  been  reached.  The  deposit 
remains  uniform  to  that  depth  with  no  indication  of  narrowing. 

An  average  sample  of  the  microcline  constituting  this  dike  was 
analyzed,  and  is  as  follows: 

Composition  of  microcline. 

HaO 0.30 

SiOj 65.68 

AlA 19.08 

FejOg 14 

TiOa \ Tiace. 

CaO Trace. 

MgO Trace. 

KjO 13.09 

NajO 2.08 

100.37 

This  feldspar  has  a  deformation  temperature  ranging  from  1,290° 
to  1,310°  C.  It  fuses  to  a  glass  with  only  a  trace  of  milkiness  and 
no  yellow  tint. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  this  feldspar  produces  a  vitreous  mass  at  1,295^  C;  at  1,350°  no 
warping  is  apparent.  The  color  is  fully  equal  to  the  standard  trial.  When  fired  at 
1,350°  0.  the  translucency  is  0.69  and  the  transmitted  light  is  cream  colored.  The 
total  shrinkage  at  1,350°  is  15.6  per  cent,  3.6  per  cent  being  drying  shrinkage  and  12 
per  cent  firing  shrinkage.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered . 
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An  average  sample  of  the  albite  in  this  dike  is  found  to  have  the 
following  chemical  composition: 

Composition  of  albite. 

Efi 1.00 

SiOj....  64.92 

A],0, 22.28 

FejOj 21 

TiOj Trace. 

CaO 1.60 

MgO Trace. 

K,0 1.10 

NaaO 9.20 

100.31 

The  deformation  temperature  range  is  from  1,260°  to  1,266°  C. 
At  1,350°  the  feldspar  fuses  to  a  dull  white  mass. 

Properties  in  the  standard  porcelain  mixture. 

In  the  mixture  this  feldspar  produces  a  vitreous  mass  at  1,265^  C,  and  at  1,330^ 
there  is  a  slight  warping.  The  color  of  the  porcelain  at  1,350^  is  bluish  when  com- 
pared with  the  standard  trial.  The  translucency  at  1,350'^  is  0.65;  the  transmitted 
ligjit  is  cream  colored.  The  total  shrinkage  is  14.8  per  cent,  which  is  2.4  per  cent 
dr^ring  shrinkage  and  12.4  per  cent  firing  shrinkage.  Under  the  raw-lead  and  fritted 
glazes  the  color  is  unaltered. 

PENLANB.      PLAT  ROCK  MICA   MINE.      MIGBOOLINE. 

This  mine  (97)  is  1^  miles  northeast  of  Penland,  Mitchell  Coimty, 
N.  C.  The  dike  is  from  8  to  12  feet  thick,  the  center  only  being 
pure  feldspar,  which  is  from  4  to  6  feet  wide.  The  dike  strikes  N.  35^ 
E.  and  dips  80^  SE.  It  is  more  or  less  altered  to  a  depth  of  about 
30  feet,  below  which  the  material  is  fresh. 

An  analysis  of  this  feldspar,  made  by  the  North  Carolina  Geological 
Survey,"  is  as  follows : 

Composition  of  feldspar. 

SiOa 65. 16 

AljO, 19.04 

CaO 12 

NaaO 7.00 

K^O 7.28 

98.59 

This  deposit  has  only  recently  been  worked  for  feldspar. 

PLUMTBEE.   AVERT  MEADOW  MICA  MINE.   ANORTHOOLASE. 

This  mine  (107)  is  IJ  miles  north  of  Plumtree,  Avery  County, 
N.  C,  and  one-half  mile  west  of  North  Toe  River,  the  nearest  ship- 
ping point  being  8  miles  southwest  at  Sprucepine.    It  has  been  worked 

•See  North  CaroUna  Oeol.  Snrv.  Eoonomio  Paper  No.  6,  p.  40, 


102         MINII^^a  AND  TEBATHEKT  OF  FELD8PAB  AND  KAOUK« 

extensively  for  mica.  The  coarse  pegmatite  dike  carries  a  4-foot  band 
of  clean  feldspar  midway  between  the  walls.  There  is  a  band  of  nearly 
equal  width  of  high-grade  pegmatite  adjoining  the  feldspar.  The 
dike  strikes  N.  40^  W.  at  the  entrance  to  the  tunnels^  but  farther 
in  the  strike  varies,  although  always  having  a  general  northwest 
direction.  This  feldspar  has  no  undesirable  associated  minerals, 
except  the  quartz  and  mica,  which  are  not  mixed  with  the  feldspar 
but  are  confined  chiefly  to  those  bands  of  the  dike  that  adjoin  the 
walls. 

The  great  drawback  to  the  mining  of  the  feldspar  is  the  fact  that 
work  would  have  to  be  under  ground,  siace  the  overburden  exceeds 
50  feet  in  all  places  and  is  more  than  100  feet  deep  over  most  of  the 
dike. 

The  chemical  composition  of  the  feldspar  from  this  deposit  is 
reported  as  follows : 

Composition  of/ddspar.f^ 

SiOa 62. 95 

AI2O3 19.66 

KjO 8.39 

NajO 7.64 

98.64 

The  feldspar  of  this  deposit  was  sampled  and  tested.  It  deforms 
only  from  1,325°  to  1,350°  C,  which  is  at  least  30  degrees  higher 
than  might  be  expected  from  the  analysis.  Its  color  is  slightly 
creamy  when  fused. 

Properties  in  standard  porcelain  mixture » 

In  the  mixture  the  feldspar  produces  a  vitreous  mass  at  1,330^  C;  it  showi  no 
warpage  at  1,350^  0.  Its  color,  however,  is  grayish  when  fired  to  1,350^  0.  Its 
translucency  is  0.60  when  fused  at  1,350^,  and  its  total  shrinkage  is  16  per  cent.  Under 
the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

PLUMTREE.      JOHNSON   MICA  MINE.      MIOBOOLINE. 

This  mine  (106)  is  2  miles  east  of  Plumtree,  Avery  Coxmty,  Jf.  C,  on 
Plumtree  Creek.  Sprucepine,  the  nearest  shipping  point,  is  10  miles 
southwest. 

There  is  a  pegmatite  dike  of  variable  thickness,  containing  a  band 
of  microcline  from  2  to  4  feet  wide  midway  between  its  walls.  The 
dike  strikes  northwest  and  dips  5°  to  26°  NE. 

The  feldspar  band  is  very  narrow  but  is  free  from  impurity.  The 
pegmatite  band  that  joins  the  feldspar  is  also  free  from  scattered 
mica  and  low  in  quartz. 

a  See  Pratt,  J.  H.,  "The  mining  industry  in  North  Carolina  during  1901/'  North  CvoliBa  0«ol.  Burr. 
Eoonomio  Paper  No.  6,  pp.  49-^ 
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The  feldspar  collected  has  a  deformation  temperature  ranging 
from  1,270®  to  1,290*^  C.  When  fused  it  is  practically  clear  and  has 
no  yellow  tint. 

Fropert%e$  in  standard  porcelain  mdxtwre. 

In  the  mixture  the  feldspar  producee  a  vitieoua  mass  at  1,275^  C,  and  no  warping 
ftt  1,350^.  Its  color  is  pure  white.  When  fired  at  1,350°  C.  it  gives  the  porcelain  a 
tnnalucency  of  0.73,  cream  colored,  and  a  total  shrinkage  of  15.4  per  cent,  3  per  cent 
drying  shrinkage  and  12.4  per  cent  burning  shrinkage.  Under  the  raw-lead  and 
fritted  glazes  the  color  is  unaltered. 

FLUlfTREE.      PLUHTBEE  MIOA  MINE.      MIOBOOUNE. 

The  mine  (103)  is  one-half  mile  east  of  Plumtree,  Avery  County, 
N.  C,  on  Plumtree  Creek;  8  miles  northeast  of  Sprucepine,  which  is 
the  nearest  shipping  poin.t.  A  pegmatite  dike  10  to  15  feet  wide  was 
exposed,  first  by  regular  open-cut  methods  and  later  by  hydraulic 
mining.  The  overburden  ranges  from  3  to  6  feet  deep.  The  central 
portion,  averaging  5  to  6  feet  wide,  is  pure  feldspar  with  only  a  scat- 
tering of  quartz.  The  dike  strikes  N.  25*"  W.  and  dips  30°  NE.  The 
open-cut  and  hydraulic  mining  have  exposed  a  large  amount  of 
microcline.    The  feldspar  was  sampled  and  analyzed  as  foUows: 

Campontion  of  feldspar. 

H,0 0.17 

SiOj , 65.37 

A1,0, 17.92 

Fe,Og 02 

TiO, Trace. 

OaO 17 

MgO Trace. 

K,0 13.05 

Na,0 2.10 

98.80 

The  deformation  temperature  range  of  this  feldspar  is  1,270°  to 
1,290°  C.  TVhen  fused  the  feldspar  is  practically  clear  and  without  a 
tint  of  yellow. 

Properties  in  standard  porcelain  mixture. 

In  the  mixtiue  tlie  feldspar  produces  a  vitreous  mass  at  1,270^  C,  and  at  1,350^  only 
a  very  slight  warpage  occurs.  The  color  is  equal  to  the  standard  trial.  The  trans- 
lucency  when  fired  at  1,350^  C.  is  0.05  and  the  transmitted  light  is  cream  colored. 
Total  tshrinkage  at  1,350^  C.  is  15  per  cent,  3  per  cent  drying  shrinkage  and  12  per  cent 
firing  shrinkage.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

SPEEDWELL  POST  OFFICE.      OOX  FBOSPEOT.      MIOBOOLINE. 

This  prospect  (63)  is  in  a  creek  bed  on  the  east  face  of  Panther 
Knob  1  mile  west  of  Speedwell  post  office,  Jackson  County,  N.  C. 
The  nearest  shipping  point  is  Sylva,  Jackson  County,  which  is  10 
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miles  north.  The  feldspathic  material  is  a  pegmatite  dike  which, 
from  the  surface  indications,  carries  very  little  quartz  and  mica.  Its 
strike  is  N.  55^  E.  The  commercially  valuable  feldspathic  material 
exposed  has  a  width  of  about  6  feet.  The  sample  taken  shows  a 
deformation  temperature  ranging  from  1,300®  to  1,326®  C.  When 
fused  this  feldspar  is  clear  and  free  from  tint. 

Properties  in  standard  porcelain  mixture. 

In  the  standard  porcelain  mixture  this  feldspar  produces  vitrification  when  fired  to 
1,300^  C,  and  shows  no  warpage  at  1,350®.  Fired  to  1,350®  C,  the  color  is  equal  to 
the  standard  trial,  the  translucency  is  0.69,  and  the  transmitted  light  is  cream  colored. 
The  total  shrinkage  when  worked  plastic  is  15.3  per  cent.  Under  the  raw-lead  and 
Mtted  glazes  the  color  is  unaltered. 

SPBUCEPINE.      AMERICAN  GEM  A  PEARL  CO.  MINE.      MICBOCLINE. 

A  pegmatite  dike  (102)  which  has  been  worked  for  aquamarine, 
one-half  mile  east  of  the  Sprucepine-Marion  road  and  3  miles  south- 
east of  Sprucepine,  Mitchell  County,  N.  C,  which  is  the  nearest 
shipping  point.  The  mine  is  on  the  slope  of  a  low  ridge  and  has  been 
worked  by  an  incline.  In  September,  1911,  the  workings  were  full 
of  water  and  their  inspection  was  impossible.  Fine  orthoclase  of  a 
very  pale  flesh  tint  predominates  in  the  dump,  and  the  reports  of 
residents  agree  that  the  dike  averages  over  10  feet  wide  and  consists 
principally  of  feldspar  very  free  from  micfk,  the  chief  associat^ed 
materials  being  beryl  and  a  little  quartz,  which  occur  chiefly  along 
the  walls.  The  wall  rock  is  reported  to  be  solid  and  to  require  no 
timbering.    The  dike  strikes  northeast  and  dips  80^  S. 

The  deformation  temperature  range  of  the  feldspar  is  1,310^  to 
1,330^  C.  The  feldspar  fuses  to  a  glass  with  little  cloudiness  and  no 
yellow  tint. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  this  feldspar  when  fired  to  1,310^  G.  produces  a  vitreous  mass 
which  shows  no  warpage  at  1,350®.  The  color  is  equal  to  the  standard  trial.  Fired  to 
1,350®  C.J  the  translucency  is  0.66  and  the  transmitted  light  is  cream  colored.  The 
total  shrinkage  is  15.5  per  cent,  of  which  3  per  cent  is  drying  shrinkage  and  12.5  ])er 
cent  firing  shrinkage.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

SPBUCEPINE.      COOK  MICA  MINE.      MICROCLINE. 

This  mine  (108)  is  2  miles  west  of  Sprucepine,  Mitchell  County, 
N.  C.  Open-cuts  lie  on  the  northeast  face  of  a  spur  of  Little  Chalk 
Mountain  400  yards  south  of  North  Toe  River;  200  yards  to  the 
south  and  100  feet  higher  a  cut  and  a  short  tunnel  expose  another 
pegmatite  dike.  The  nearest  shipping  point  is  Sprucepine,  although 
the  C.  C.  &  O.  Ry.  follows  the  opposite  bank  of  the  North  Toe  River. 

These  dikes  strike  N.  30°  E.  and  dip  80°  SE.  The  lower  dike 
exposed  is  broad  and  shows  a  band  of  feldspar  12  feet  wide  in  places 
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and  ayeragiiig  8  to  10  feet  wide.  The  largest  feldspar  band  is  cream- 
white,  but  the  other  smaller  bands  are  pink.  There  is  one  small 
band  of  albite,  but  it  is  separated  from  the  potash  feldspar;  hence  it 
will  cause  no  trouble  in  mining.  The  mica  is  generally  in  the  flinty 
bands  that  adjoin  the  walls. 

The  upper  dike,  6  to  9  feet  wide,  contains  along  the  middle  a  band 
of  feldspar  averaging  4  feet  wide.  All  wall  rock  appears  solid.  The 
country  rock  is  gneiss.  The  cream-white  feldspar  band  of  the  lower 
deposit  has  the  following  chemical  composition: 

Composition  of  cream-white  feldspar  band. 

HjO 0.40 

SiOj 64. 93 

A1,0, 19.45 

FejO, Trace. 

TiOj Trace. 

CaO 05 

MgO Trace. 

KjO 12. 46 

Na,0 2. 54 


99.83 


o 


The  deformation  temperature  range  of  this  feldspar  is  from  1,290 
to  1,310^  C.     The  feldspar  fuses  to  a  glass  with  only  a  trace  of  milki- 
ness  and  no  yellow  tint. 

Properties  in  standard  porcelain  mixture. 

This  feldspar  in  the  mixture  produces  a  vitreous  mass  at  1,300^  C,  and  at  1,350^ 
shows  no  evidence  of  warping.  The  color  is  equal  or  superior  to  the  standard  trials. 
When  fired  at  1,350^  G.  the  translucency  is  0.74  and  the  transmitted  light  is  cream 
colored.  The  total  shrinkage  is  15.8  per  cent,  3  per  cent  being  drying  and  12.8  per 
cent  burning  shrinkage.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

SPBUCEPINE.      2NOLISH   KNOB  MICA  MINE.      MICBOGLINE. 

This  mine  (95)  is  2i  miles  northeast  of  Sprucepine,  Mitchell  County, 
X.  C.  The  property  has  been  worked  for  mica  at  various  points  along 
the  strike  of  the  dike  for  about  200  feet,  the  general  strike  being 
X.  40^  E.  This  pegmatite  seems  to  be  of  uniform  quality  and  a  large 
percentage  of  pure  feldspar  is  found.  The  width  of  the  feldspar  band 
varies  from  5  to  12  feet. 

At  the  present  time  the  workings  do  not  permit  sampling  at  much 
depth.    The  surface  material,  however,  indicates  a  good  prospect. 

SPBUCEPINE.      WISEMAN  MIOA  MINE.      ALBITE  AND  OBTHOOLASE. 

This  mine  (94)  is  near  the  head  of  Beaver  Creek,  2  miles  north  of 
Sprucepine,  Mitchell  County,  N.  C,  which  is  the  nearest  shipping 
pobt. 


^ 
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The  tunnels  on  the  southwest  slope  of  the  mountain  have  all  caved 
but  one.  In  this  the  dike  strikes  nearly  west;  the  dip  varies  greatly. 
The  feldspar-rich  pegmatite  averages  not  more  than  4  feet  wide 
where  exposed,  but  it  is  low  in  quartz  content  and  doubtless  could 
be  made  marketable  by  some  cobbing.  Orthoclase  is  present  in 
small  isolated  masses,  but  the  greater  portion  of  the  dike  is  albite,  of 
which  the  analjBis  follows: 

Composition  of  albite.^ 

SiOa 64.86 

AljOg 19. 90 

K3O 2.91 

NftaO 10.04 

97.70 

This  material  has  a  deformation  range  of  1,290^  to  1,295°  C.  and 
fuses  to  an  opaque  white  mass. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  thiB  feldspar  produces  vitrification  at  1,295^  C,  and  at  1,330^  pro- 
duces slight  warping.  The  color  is  slightly  bluish  when  compared  with  a  standard 
white  porcelain  trial.  When  fired  at  1,350°  G.  the  translucency  is  0.62  and  the  trans- 
mitted light  is  cream  colored.  The  total  shrinkage  is  15.4  per  cent,  of  which  3  per 
cent  is  drying  shrinkage  and  12.4  per  cent  firing  shrinkage.  Under  the  raw-lead  and 
fritted  glazes  the  color  is  unaltered. 

GBAJOTE. 

Throughout  Mitchell  Ck)unty  there  are  vast  areas  of  coarse  granite 
that  contain  a  high  percentage  of  feldspar.  There  is  always  some 
small  mica,  but  not  sufficient  to  justify  mining.  There  are  outcrops 
in  the  Sprucepine-Marion  road  just  south  of  Sprucepine  and  (100)  on 
the  face  of  Big  Chalk  Mountain  just  west  of  Sprucepine.  The 
granite  generally  occurs  as  sills  and  appears  very  free  from  any  im- 
purities except  the  quartz  and  mica.    The  general  strike  is  west. 

Samples  of  this  granitic  material  show  the  following  chemical 
composition: 

Composition  of  granitic  material. 

H2O 0.90 

SiOj 76.10 

AlaO, 15.67 

FeaO, 47 

TiOj 03 

CaO 1.10 

MgO Trace. 

KaO 3.49 

NajO 2.86 

99.62 

a  See  North  Carolina  Oeol.  Surv.  Eoonomio  Paper  No.  6,  pp.  4»-W. 
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This  material  has  a  deformation  temperature  range  from  1,300^  to 
1,315^  C.  The  micaceous  material  present  is  too  high  in  iron  and 
imparts  to  the  pulverized  granite  when  fused  a  pronounced  cream- 
yellow  tint. 

Properties  in  standard  porcelain  misOure, 

This  material  does  not  produce  vitrification  in  the  mixture  until  1,310^  G.  is  reached; 
at  1,350^  warping  is  detected.  The  color  of  the  porcelain  produced  is  cream.  The 
^anducency  when  fired  at  1,350^  G.  is  0.62  and  the  transmitted  light  is  cream-yellow. 
The  total  shrinkage  is  13.6  per  cent,  4.4  per  cent  drying  and  9.2  per  cent  firing  shrink- 
age.   Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

VIRGINIA. 
LOWBY    STATION.      m'nIOHOLS    CO.    MINE.      MIGBOCLINE    AND    ALBITE. 

The  mine  is  on  the  Thompson  place  in  Bedford  County,  Virginia, 
5  miles  south  of  Lowry  Station  on  N.  &  W.  Ry. 

There  are  two  dikes  exposed  on  the  west  slope  of  a  ridge  that  runs 
north  and  south.  The  strike  is  N.  40''  E.,  the  dip  75°  N.  The  south 
dike,  where  exposed,  is  about  20  feet  wide.  In  the  middle  is  a  band 
of  pure  feldspar,  varying  from  4  to  7  feet  wide,  with  pegmatite  on 
each  side.  This  pegmatite,  however,  is  rich  in  feldspar,  and  if  care 
were  exercised  to  eliminate  the  mica  scattered  through  it  much 
marketable  feldspar  could  be  obtained.  This  south  dike  is  opened 
25  feet  into  the  hill,  being  exposed  for  a  depth  of  40  feet  and  across 
its  full  width.  The  north  dike  is  separated  from  the  soutb  dike  by 
about  30  feet  of  coimtry  rock.  The  north  dike  shows  no  band  of 
pure  feldspar  but  is  very  rich  in  feldspar  throughout  its  width 
of  about  10  feet.  This  pegmatite  is  very  coarsely  crystalline  and  has 
considerable  coarse  muscovite  scattered  through  it.  Very  little 
material  has  been  removed  from  this  part. 

Feldspar  from  the  south  dike  was  analyzed  and  shows  the  following 
chemical  composition: 

Composition  of  feldspar. 

HjO 0.10 

SiO, 68.76 

AljO, 18.56 

Fe,0, 03 

TiOj Trace. 

CaO 1.25 

MgO Trace. 

KaO 6.86 

NajO 4.29 

99.83 

The  deformation  temperature  ranges  from  1,260°  to  1,266*^  C, 
The  fused  feldspar  forms  an  opaque  white  mass* 
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Properties  in  standcard  porcelain  mixture. 

This  feldspar  in  the  mixture  produces  a  vitreous  mass  at  1,265^  C;  at  1,350^  only 
slight  warping  occurs.  The  porcelain  shows  a  very  faint  bluish  tint  Fired  at  1,350^ 
this  feldspar  produces  a  translucency  of  0.64  and  the  transmitted  light  is  cream 
colored.  The  total  shrinkage  is  15  per  cent,  drying  shrinkage  3  per  cent  and  firing 
shrinkage  12  per  cent.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

SEMIKAOUNIZED   FELDSPAR    MINES    AND  PROSPECTS. 

NOBTH  CA&OLINA. 

BAKERSyiLX.E.      FLTJKIN  RIDOE  MICA  MINES. 

These  mines  (81)  are  on  a  ridge  2i  miles  south  of  Bakersville, 
Mitchell  County,  N.  C,  and  one-half  mile  west  of  the  Bakersville- 
Ledger  road.  The  nearest  shipping  point  is  Toecane,  3i  miles 
northwest.  This  ridge  contain^  a  large  number  of  dikes  of  partly 
decomposed  pegmatite,  which  strike  N.  50°  E.,  dip  65°  S.  Some  of 
these  dikes  contain  a  large  amount  of  fine  quartz,  but  others  contain 
very  little  quartz.  No  large  masses  of  quartz  are  exposed  in  any  of 
the  workings.  Tunnels  and  shafts  have  been  dug  over  an  area  one- 
half  mile  long  and  one-eighth  mile  wide  and  more  or  less  of  this 
semikaolinized  material  Gocally  called  ''flukin")  is  found  in  every 
case. 

This  material  has  altered  so  that  it  may  be  crushed  to  sand  with 
the  hand.  A  dike  free  from  quartz  was  sampled  and  analyzed;  it 
showed  the  following  composition: 

Composition  of  semikaolinized  feldspar. 

HjO 1.34 

SiOa 63.32 

AI3O3 20.45 

FeaOa 07 

TiOg Trace. 

CaO Trace. 

MgO Trace. 

KaO 14.20 

NajO 80 

100.18 

Calculated  from  the  analysis,  the  mineral  composition  of  this 
material  is  as  follows : 

Mineral  composition  of  semikaolinized  feldspar. 

Microcline 84. 0 

Albite 6.8 

Kaolinite 9. 2 

100.0 
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The  defonnation  temperature  range  of  this  material  is  from  1,330^ 
to  1,350^  C.    The  fused  material  is  ahnost  clear  but  has  a  slight  gray 

tint. 

Properties  in  standard  porcelain  mixture. 

Introduced  on  the  basis  of  its  calculated  mineral  constitution,  this  material  gives  a 
ntreous  mass  at  1,330^  C.  The  color  is  slightly  gray  by  comparison  with  a  standard 
trial.  Fired  at  1,350^  C.  the  material  has  a  translucency  of  0.70  and  the  transmitted 
light  is  cream  colored.  The  total  shrinkage  is  15.4  per  cent,  3  per  cent  being  drying 
and  12.4  per  cent  firing  shrinkage.  Fired  under  the  raw-lead  and  fritted  glazes  this 
masB  has  the  same  faint  grayish  tint. 

BBAVEB  GREEK.   SOUTH  HABDIN  MICA  MIKE. 

This  mine,  which  is  described  under  '^Kaolins,"  is  li  miles  south- 
west of  Beaver  Creek,  Ashe  County,  N.  C.  The  dike  was  found  to 
contain,  where  exposed,  only  semikaolinized  feldspathic  materials, 
which  seem  to  be  of  very  nearly  uniform  quality.  The  entire  width 
of  the  dike  was  sampled  and  analyzed;  it  showed  the  following 
composition: 

Composition  of  semikaolinized  feldspar. 

HjO 7.30 

SiOj 53.00 

A1,0, 29.20 

Fe,0, 21 

TiOj Trace. 

GaO Trace. 

MgO Trace. 

BaO 00 

K,0 9.92 

NajO 53 

100.16 

The  mine  at  the  present  time  is  so  far  from  the  railroad  and  the 
percentage  of  alkali  in  the  sample  taken  is  so  low  that  the  present 
availability  of  the  material  as  a  substitute  for  feldspathic  material  is 
doubtful.  The  color,  however,  appears  to  be  sufficiently  good  for 
this  purpose.  If  lower  levels  should  show  considerable  quantities  of 
semikaolinized  material,  it  doubtless  will  some  day  be  available  as  a 
flux  material  for  pottery.  On  the  other  hand,  if  the  dike  lower  levels 
prove  to  be  completely  altered,  as  in  certain  sections  which  were 
exposed  by  the  owners  but  are  now  closed  by  caving,  the  dike  may 
become  a  source  of  kaolin. 

BRYSON.      HABBIS   CLAY   CO.   MINE. 

This  mine  (3)  is  2  miles  north  of  Bryson,  Swain  County,  N.  C.  The 
dikes  from  which  the  kaolin  has  been  obtained  are  not  uniform  in 
degree  of  kaolinization.  Many  sections  of  these  dikes  are  only 
slightly  kaolinissed  and  at  a  few  points  fresh  feldspar  is  found.     A 
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large  amount  of  this  semikaolinized  material  can  be  obtained  from  this 
mine.  This  material  was  sampled  and  analyzed;  it  showed  the 
following  chemical  composition: 

Comporition  of  semikaoliniied feldspar, 

HjO a  94 

SiOj 63.60 

AI2O3 20.40 

FejO, 32 

TiOa Trace 

CaO Trace 

MgO Trace. 

BaO 00 

K3O 14.40 

NaaO 50 

100.16 

The  deformation  temperature  range  is  from  1,330°  to  1,350°  C, 
and  the  material  fuses  to  a  slightly  milky  mass  free  from  yellow  tint. 

From  the  above  chemical  analysis  this  material  is  calculated  to  have 
the  following  mineral  composition: 

Mineral  composition  of  senUkaolinized feldspar. 

Orthoclaee 85.4 

Albite 4.2 

Eaolinite 9. 4 

Quartz LO 

100.0 
Properties  in  standard  porcelain  mixture. 

Introduced  on  the  basis  of  its  calculated  mineral  constitution,  this  material  gives 
a  vitreous  mass  at  1,350^  C.  and  the  color  is  equal  to  the  standard  trial.  Fired  at 
1,350^  0.  the  translucency  is  0.70  and  the  transmitted  light  is  cream  colored.  The 
total  shrinkage  is  15.6  per  cent,  of  which  3  per  cent  is  drying  and  12.6  per  cent  is 
firing  shrinka^^e.  Tested  under  the  raw-lead  and  fritted  glazes  this  porcelain  showed 
no  change  in  tint. 

FALLSTOK.      FRANK  BAXTER  MICA  MINE. 

This  mine  is  13  miles  northeast  of  Shelby  and  3  miles  southeast  of 
Fallston,  Lincoln  Ctounty,  N.  C,  and  1  mile  north  of  the  Thomas 
Baxter  mica  mine.  It  is  in  a  semikaolinized  pegmatite  dike,  as 
indicated  by  the  dumps,  but  the  workings  have  fallen  in  and  little 
idea  of  the  extent  of  the  dike  can  be  obtained.  The  general  strike 
of  the  dike  as  indicated  by  the  shafts  is  northeast. 

A  quantity  of  this  semikaolinized  material,  exposed  in  one  shaft 
about  12  feet  deep,  was  sampled  and  tested.  It  has  a  combined- 
water  content  of  12.4  per  cent  and  when  fired  to  1,330^  C.  shrinks 
15  per  cent.    Its  refractory  value  is  1,670®  C, 
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FRANKLIN.      GUBNET  CLAY   CO.  MINE. 

This  mine  (29)  is  4  miles  north  of  Franklin,  Macon  Ctounty,  N.  C. 
The  semikaolinized  feldspar  is  exposed  by  an  old  tunnel  for  mica  250 
feet  southwest  of  the  present  workings  for  kaolin.  The  material 
occurs  as  a  lens  and  has  a  general  north  strike.  The  material  is  pure 
white,  and  resembles  kaolin,  but  possesses  a  bonelike  texture  and  no 
plasticity.  It  contains  13.1  per  cent  of  combined  water  and  has  a 
refractory  value  of  about  1,700®  C. 

This  material  is  too  low  in  water  to  be  halloysite  and  hence  must 
be  classed  as  kaolinite. 

FRANKLIN.      MOORE  MICA   MINE. 

This  mine  (36)  is  1^  miles  north  of  Franklin,  Macon  County,  N.  C, 
on  the  west  bank  of  the  Little  Tennessee  River. 

The  dike,  which  is  more  or  less  kaolinized,  averages  about  9  feet 
thick;  it  has  a  general  northeast  strike  and  dips  almost  vertically. 
The  overburden  averages  about  25  feet  thick.  The  dike  is  very  free 
from  associated  minerals  and  no  large  quartz  bands  are  exposed.  A 
portion  of  this  dike  is  completely  kaolinized,  but  large  amounts  of 
the  feldspar  are  only  slightly  altered.  A  sample  of  slightly  altered 
material  showed  the  following  chemical  composition: 

Compotition  of  semikaolUiizedf  Ids  jar. 

HjO 2. 05 

SiOj 63.74 

A1,0, 20. 90 

FeA 12 

TiO, Trace. 

CaO Trace. 

MgO Trace. 

BaO 1.10 

K^ 11.70 

NaaO 19 

99.80 

The  mineral  composition  calculated  from  this  analysis  is  as  follows: 

Mineral  composition  of  semikaolinized  feldspar. 

Microclinc 72. 0 

Albite 1.7 

Kaolinite 17.6 

Quartz : 8.7 


100.0 

The  deformation  temperature  range  of  this  material  is  from  1,350^ 
to  1,370^  C.  The  material  fuses  to  a  slightly  milky  glass  with  no 
yellow  tint . 

80421°— Bull.  53—13 8 
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Properties  in  standard  porcelain  mixture. 

Introduced  on  the  basis  of  its  calculated  mineral  constitution,  the  material  gives  a 
vitreous  mass  at  1,350°  0. ;  its  color  is  equal  to  the  standard  trial.  Fired  at  1,350  C.  the 
translucency  is  0.68  and  the  transmitted  light  is  cream  colored.  The  total  shrinkage 
is  15.6  per  cent,  of  which  3  per  cent  is  drying  and  12.6  per  cent  is  firing  shrinkage. 
Tested  under  the  raw-lead  and  fritted  glazes  this  porcelain  shows  no  change  of  tint. 

FRANEUN.      SOUTHERN   OLAT  CO.  MINE. 

This  mine  (40)  was  worked  entirely  for  kaolin,  but  throughout  the 
dike  lenses  of  semikaolinized  material  were  found.  At  the  upper 
levels  the  semikaolinized  material  is  loose  and  very  light.  It  has  a 
combined- water  content  of  8.66  per  cent  and  deforms  at  1,590°  C, 
although  it  is  translucent  at  1,360°  C. 

These  lenses  are  hardly  large  enough  to  be  of  industrial  importance. 

Where  mining  has  reached  a  depth  of  about  80  feet  the  dike  is  only 
partly  kaolinized,  and  at  greater  depths  the  kaolinization  decreases 
until  material  approaching  feldspar  in  appearance  and  composition 
is  found. 

This  slightly  kaolinized  feldspar  was  sampled.  Analysis  showed 
it  to  have  the  following  chemical  composition: 

Composition  of  semikaolinized  feldspar. 

HaO 1.40 

SiOa 62.47 

AI2O3 21.00 

FejO, 05 

TiOa Trace. 

CaO Trace. 

MgO Trace. 

BaO 30 

K2O 13. 62 

NaaO 60 


99.44 

The  mineral  composition  of  this  material  is  calculated  as  follows: 

Mineral  composition  of  semikaolinized  feldspar. 

Orthoclase 82. 0 

Albite 5.0 

Kaolinite 8.0 

Quartz 5. 0 


100.0 


The  semikaolinized  feldspar  has  a  deformation  temperature  range 
from  1,350°  to  1,370°  C.  It  fuses  to  a  glass  only  slightly  milky  and 
free  from  yellow  tint. 
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Properties  in  standard  porcelain  mixture. 

Introduced  on  the  basis  of  its  calculated  mineral  constitution,  this  material  gives  a 
vitreous  mass  at  1,350^  C,  and  its  color  is  equal  or  superior  to  the  standard  trial. 
Fixed  at  1,350^  the  translucency  is  0.70  and  the  transmitted  light  is  cream  colored. 
The  total  shrinkage  is  15.5  per  cent,  of  which  3  per  cent  is  drying  and  12.5  per  cent 
is  firing  shrinkage.  Tested  under  the  fritted  and  raw-lead  glazes  this  porcelain 
shows  no  change  in  tint. 

In  order  to  determine  the  effect  of  washing,  a  quantity  of  the  mate- 
rial was  subjected  to  the  standard  laboratory  washing  process.  The 
residue  haying  a  hydraulic  value  of  more  than  0.17  was  analyzed  and 
found  to  have  the  following  chemical  composition: 

Composition  of  residue  of  hydraulic  value  more  than  0.17. 

H3O 0. 40 

SiO, 63.  21 

AljO, 21.08 

FejO, 08 

TiOj Trace. 

CaO Trace. 

MgO Trace. 

BaO 30 

Kjd 14. 03 

Na,0 , 60 

99.70 

The  material  is  thus  seen  to  have  lost  a  part  of  its  kaolinite,  thus 
lowering  its  deformation  temperature.  This  is  further  shown  by 
firing  since  the  washed  material  has  a  deformation  temperature  range 
from  1,340''  to  1,360"*  C. 

MARSHALL.      SETH  FREEMAN  PROSPECT. 

This  prospect  is  at  the  junction  of  Bear  Creek  and  Marshall  roads, 
on  Trod  Branch  of  Sandy-Mush  Creek,  4  miles  south  of  Marshall, 
Madison  County,  N.  C,  which  is  the  nearest  shipping  point. 

This  dike  is  about  100  feet  wide,  but  with  many  intruded  horses 
of  waU  rock,  so  that  few  bands  occur  more  than  8  feet  thick.  The 
strike  is  N.  40**  E.  and  the  dip  20**  SE.  The  material  sampled  has 
the  appearance  of  a  fine  white  sand.  It  was  found  to  have  the  fol- 
lowing chemical  composition: 

Composition  of  semikaolinized  feldspar. 

HjO 5. 42 

SiOa 65. 05 

AlaO, 22.39 

FcaO, 29 

TiO, 12 

CaO Trace. 

MgO Trace. 

BaO 30 

K^O. 6. 53 

Na,0 21 

100.31 
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From  the  chemical  analysis  this  material  is  calculated  as  having 
the  following  mineral  composition: 

Mineral  compontion  of  temikaolinxzed  feldspar. 

Microcline 39. 50 

Albite , L80 

Kaolinite 37.10 

Quartz 2L60 

100.00 

Its  deformation  temperature  range  is  1,450®  to  1,470**  C,  and  it 
fuses  to  a  slightly  milky  glass,  with  a  faint  yeUow  tint. 

Properties  in  the  standard  porcelain  mixture. 

Introduced  on  the  basis  of  its  calculated  mineral  constitution,  this  material  gives 
a  vitreous  mass  at  1,350^  C,  and  the  color  of  the  mass  shows  no  trace  of  the  yellow  tint 
noted  in  the  fused  material,  but  is  fully  equal  to  the  standard  trial.  Fired  at  1,350^ 
C.  the  translucency  is  0.68  and  the  transmitted  light  is  cream  cx)lored.  The  total 
shrinkage  is  15.4  per  cent,  3  per  cent  being  drying  and  12.4  per  cent  firing  shrinkage. 
Tested  under  the  raw-lead  and  fritted  glazes  this  porcelain  showed  no  change  in  tint. 

MONTVALE.      REED  HICA  MINE. 

This  mine  is  2^  miles  southeast  of  Sapphire  and  1  mile  northeast 
of  Montvale,  Jackson  Comity,  N.  C. 

It  is  in  a  dike  of  slightly  kaolinized  feldspar  about  5  feet  thick,  but 
carrying  a  2-foot  quartz  band  in  the  middle.  The  dike  strikes 
N.  26''  E.  and  dips  40**  NW.  The  feldspathic  material  is  friable,  but 
retains  its  crystalline  structure. 

The  feldspathic  portion  of  the  dike  contains  2  per  cent  of  combined 
water.  The  deformation  temperature  range  of  the  material  is  from 
1,355®  to  1,370®  C.  The  material  becomes  a  semiopaque  mass  on 
fusmg. 

Properties  in  the  standard  porcelain  mixture. 

This  material,  tested  on  a  hasis  of  85  per  cent  feldspar,  10  per  cent  kaolinite,  and 
5  per  cent  quartz,  produces  a  vitreous  porcelain  at  1,330®  C.  The  color  is  cream  white . 
The  material  has  translucency  of  0.64  when  fired  at  1,350®  G.  The  total  shrinkage 
is  15.7  per  cent,  of  which  3  per  cent  is  drying  and  12.7  per  cent  is  firing  shrinkage. 
No  increase  in  color  intensity  is  noted  under  the  raw-lead  or  fritted  glazes. 

RUTHERFOBDTOK.      ISINGLASS  HILL  MIOA  MINE. 

This  mine  is  on  a  low  ridge  3  miles  north  of  Rutherfordton,  Ruther- 
ford County,  N.  C,  adjoining  the  line  of  the  Southern  Railway. 
There  are  no  shipping  facilities  nearer  than  Rutherfordton,  however. 

This  pegmatite  dike  varies  from  6  to  50  feet  in  diameter  and  is 
nearly  one-fourth  mile  long.  The  general  strike  of  the  deposit  is 
N.  20^  E.  and  the  dip  is  80°  to  85°  W. 
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This  dike  is  bisected  by  a  quartz  band  1  to  3  feet  wide.  The 
portion  west  of  this  quartz  band  is  practically  pure  kaolin,  whereas 
the  portion  east  of  it  is  semikaolinized  material.  The  associated 
minerals  of  this  dike  are  a  few  scattered  iron  garnets  and  numerous 
nodules  of  wad.  The  mica  is  found  adjoining  the  walls,  is  generally 
solid,  and  could  be  easily  removed. 

This  semikaolinized  material  was  sampled  and  analyzed;  it  has 
the  following  composition: 

Campontum  of  semikaolinized  feldspar. 

H,0 3.60 

SiO, 60.47 

A1,0, 23.45 

FeaO, 10 

TiOj Trace. 

CaO '. Trace. 

MgO Trace. 

KjO 12.10 

Na,0 65 

100.37 

From  this  analysis  the  mineral  composition  of  the  material  has 
been  calculated  to  be  as  follows: 

Mineral  composition  of  semikaolinized  feldspar, 

Orihoclase 71. 5 

Albite 5.5 

Kaolinite 23.0 

100.0 

This  material  has  a  deformation  temperature  ranging  from  1,350^ 
to  1,390^  C,  and  fuses  to  a  semiopaque  glass  with  no  yellow  tint. 

Properties  in  the  standard  porcelain  mixture. 

Introduced  on  the  basis  of  its  calculated  mineral  constitution,  this  mineral  gives  a 
▼itreous  mass  at  1,330^  0.  The  color  is  fully  equal  to  the  standard  trial.  Fired  at 
1,350*^  G.  the  tranalucency  is  0.70  and  the  transmitted  light  is  cream  colored.  The 
total  shrinkage  is  15.5  per  cent,  3.2  per  cent  drying  and  12.3  per  cent  firing  shrinkage. 
Fired  under  the  fritted  and  raw-lead  glazes  this  mass  is  unchanged  in  tint. 

SYLVA.      FOREST  HILL  MICA  MDfES. 

These  mines  (64)  are  10  miles  south  of  Sylva  and  1  mile  west  of 
CuUowhee  Creek  in  Jackson  County,  N.  C.  The  nearest  shipping 
paint  is  Sylva.  The  mines  are  in  a  semikaolinized  pegmatite  dike 
situated  along  the  northeast  slope  of  a  spur  of  Panther  Ejiob.  This 
dike  is  extensive;  it  has  been  crosscut  for  more  than  30  feet  and 
tunnds  along  the  strike  have  been  run  for  more  than  100  yards.  The 
dike  material  is  largely  feldspar  in  various  stages  of  decomposition. 
A  large  part,  however,  is  only  slightly  kaohnized  and  retains  the 
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characteristic  orthoclase  structure  and  cleavage  and  its  alteration 
is  evidenced  only  by  its  friability,  it  being  readily  crushed  with  the 
fingers.  It  is  pure  white  in  color  and  is  entirely  devoid  of  plasticity, 
even  when  pulverized.  A  quantity  of  this  material  was  sampled 
and  by  chemical  analysis  found  to  possess  the  following  composition: 

Composition  of  semikaolinized  feldspar. 

HjO 0.90 

SiOa 63. 35 

AljO, 20.07 

FeaOs 15 

TiOa Trace. 

CaO 03 

MgO Trace. 

KaO 13.70 

NaaO Lll 

99.31 

This  material  so  closely  resembles  feldspar  that  it  can  be  utilized 
as  a  flux  for  fine  porcelain.  Its  mineral  composition  is,  approxi- 
mately, as  follows: 

Mineral  composition  of  semiiaolinized  feldspar. 

Orthoclase 8L8 

Albite 9.5 

Kaolinite 8.2 

Quartz 5 

100.0 

The  deformation  temperature  ranges  from  1,310°  to  1,340^  C. 
When  fused  the  material  is  free  from  yellow  tint  and  only  very 
slightly  milky. 

Properties  in  the  standard  porcelain  mixture. 

When  mtroduced  into  the  mixture  in  proportions  based  upon  its  mineral  constitu- 
tion this  material  produces  a  vitreous  mass  at  1,330^  0.  The  color  is  equal  or  superior 
to  the  standard  trial.  The  translucency  is  0.74  and  the  transmitted  light  is  cream- 
white.  The  total  shrinkage  is  15.2  per  cent,  3  per  cent  being  drying  and  12.2  per  cent 
firing  shrinkage.    No  change  in  color  is  noted  under  the  raw-lead  or  fritted  glases. 

Another  section  of  this  dike  shows  material  more  kaolinized. 
This  material  contains  6.96  per  ceut  combined  water,  and  has  a 
deformatioD  temperature  of  1,510°  C;  hence  it  could  be  used  only 
in  a  limited  way  to  replace  feldspar  as  an  alkali-bearing  material 
in  the  porcelain  mass.  Its  color  is  pure  white.  By  calcination 
the  combined  water  may  be  removed,  produc'mg  a  material  of  low 
shrinkage.     (See  also  feldspar  and  kaolin  under  this  name.) 
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TOECANB.      BENNER   MICA   MINE. 

This  mine  (83)  is  on  the  south  slope  of  Sink-Hole  Ridge  and  one- 
half  mile  west  of  Flukin  Ridge,  Mitchell  County,  N.  C.  The  nearest 
shipping  point  is  Toecane,  which  is  4  miles  northwest. 

The  kaolinized  pegmatite  dike  is  broad.  Some  of  it  is  completely 
altered  to  a  high-grade  kaoUn,  and  a  large  part  apparently  lacks  only 
the  plasticity  to  make  it  perfect  kaoUn.  Very  Uttle  fine  quartz  and 
no  large  quartz  is  found  in  this  dike.  The  strike  is  N.  60^  E.  and 
the  dip  75^  S.  There  are  four  shafts  and  a  tunnel  besides  numerous 
pits. 

This  nonplastic  kaoUn  was  sampled  and  tested.  It  contains  11.3 
per  cent  combined  water,  and  has  a  refractory  value  greater  than 
1,700**  C.  When  fired  alone  at  1,330°  C.  it  has  a  total  shrinkage  of 
15.25  per  cent,  3  per  cent  drying  and  12.25  per  cent  firing  shrinkage. 
Color  is  pure  white,  free  from  specks.  The  raw-lead  and  fritted 
glazes  make  no  changes  in  the  tint  of  the  mass. 

BAKERSVILLE.      HAWK  MICA   MINE. 

The  Hawk  mica  mine  (88)  is  about  3  miles  east  of  Bakersville, 
ilitchell  County,  N.  C.  Operations  were  by  tunnels,  and  most 
of  these  are  now  caved  and  closed.  Two  tunnels  on  the  south 
side  of  the  hill  show  a  small  dike  of  semikaolinized  feldspar  that  is 
much  stained  by  associated  iron-bearing  clays,  but  doubtless  would 
be  less  stained  at  greater  depth.  No  fresh  feldspar  or  kaolin  is 
exposed  in  either  tunnel. 

TULIP  POST  OFFICE.      HOLE  MICA   MINE. 

This  mine  is  on  a  ridge  above  Dan  River  near  Tulip,  Stokes  County, 
N.  C,  16  miles  southwest  of  Stuart,  Patrick  County,  Va.,  which  is 
the  nearest  shipping  point. 

The  semikaolimzed  pegmatite  dike  nearly  25  feet  thick  strikes 
west  and  dips  30^  N.  Three  bands  of  quartz,  each  more  than  4 
feet  thick,  occur  in  this  dike,  and  apparently  lie  along  the  walls  and 
midway  between.  Another  band  of  pegmatite  is  said  to  occur  below 
the  lowest  exposed  quartz  band,  but  the  opening  that  exposed  it 
has  been  refilled.  Between  these  massive  quartz  bands  are  numer- 
ous pegmatite  bands  of  varying  quartz  content  and  some  of  these 
narrow  bands  are  much  iron-stained,  making  mining  difficult  if  this 
stained  material  must  be  eUminated. 

The  two  exposed  bands  of  semikaolinized  pegmatite  were  sam- 
pled and  found  to  contain  13  percent  and  13.2  per  cent,  respectively, 
of  combined  water.  Fired  to  1,330°  C.  the  material  shrinks  15  to 
15.3  per  cent  and  becomes  a  pale-cream  color.  Its  refractory 
value  is  above  1,700®  C. 
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KAOLIN  MINES  AND  PROSPECTS. 

GEORGIA. 
OLATTON.      MARK  BECK  FBOSFECT. 

This  prospect  is  8  miles  east  of  Clayton,  Rabun  County,  Ga.,  and 
li  miles  south  of  the  Clayton-Highlands  road.  It  has  been  worked 
for  mica  by  an  open-cut.  The  dike  has  a  general  north  strike  and 
dips  about  80°  E.  Where  exposed  it  is  about  10  feet  wide  and  con- 
tains in  the  middle  a  band  of  sugar  quartz  from  3  to  4  feet  thick.  The 
surface  of  the  dike  is  almost  completely  kaoUnized,  but  at  a  depth  of 
only  10  feet  the  kaolinization  seems  to  be  complete  only  in  spots  and 
at  15  feet  the  material  is  only  semikaolinized.  The  dike  doubtless  is 
fresh  feldspar  and  pegmatite  at  no  great  depth.  The  present  opemng 
is  about  30  feet  long,  and  about  5  feet  of  the  dike  adjoining  the  quartz 
band  on  both  sides  is  apparently  a  good  grade  of  feldspar  or  f eldspai^ 
rich  pegmatite,  the  rest  of  the  dike  being  a  low-grade  pegmatite. 

JASFEB.      DAVIS  MINE. 

This  mine  is  4^  miles  south  of  Jasper,  Pickens  County,  Ga.,  which  is 
the  nearest  shipping  point.  A  well-defined  dike  about  10  feet  wide  lies 
along  the  crest  of  a  low  ridge  and  strikes  about  north.  The  maximiun 
overburden  is  4  to  5  feet.  The  dike  has  been  exposed  for  about  60 
feet  by  an  open-cut.  The  material  seems  to  be  very  good  quality, 
but  the  kaolin  content  seems  to  vary  greatly,  as  some  points  appear  to 
be  almost  pure  sand  whereas  others  appear  to  be  almost  pure  kaolin. 
No  well-defined  mica-bearing  bands  are  apparent,  but  the  entire  deposit 
contains  a  considerable  percentage  of  fine  white  mica  which  appears  to 
possess  a  high  luster. 

The  dike  was  sampled  across  its  entire  face  and  yielded  27  per  cent 
of  kaolin  and  12  per  cent  of  fine  white  mica.  The  kaolin  was  tested. 
It  has  a  refractory  value  of  1,730®  C,  and  a  color  of  grade  3.  The 
shrinkage  at  110®  C.  was  5.3  per  cent  and  when  fired  at  1,350®  C.  was 
14.4  per  cent.     The  tensile  strength  was  20  poimds  per  square  inch. 

Properties  in  the  standard  porcelain  mixture. 

In  the  mixture  this  kaolin  has  a  trapslucency  of  0.66  and  the  transmitted  li^t  is 
cream  colored.  Absorption  is  4.8  per  cent.  The  color  is  grade  3.  Dried  at  110  C.  the 
shrinkage  is  3.5  per  cent  and  fired  at  1,350^  C,  13.4  per  cent.  Tested  under  the  raw- 
lead  and  fritted  glazes  the  color  remains  unaltered. 

NOBTH  CAROLINA. 
ALMOND.      HEWTTT  MINE. 

This  mine  is  3^  miles  south  of  Almond,  in  Swain  (bounty,  N.  C,  and 
one-half  mile  west  of  the  Little  Tennessee  River.  Four  exposures 
have  been  operated  on  tliis  property  (1 1-12-13-14).     The  last  opening 
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(14)  operated  is  a  dike  which  runs  north  and  dips  75^  E.  It  is  an  im- 
pure granite-pegmatite,  incompletely  kaolinized.  The  bands  are  not 
well  defined  and  the  whole  mass  has  reached  a  state  comparable  only 
with  sand.  In  places  the  overburden  has  been  removed  and  the  dike 
worked  as  an  open-cut.  The  dike  varies  from  20  to  30  feet  thick  and 
has  been  removed  for  275  feet  into  the  hill  to  a  depth  of  40  to  60  feet. 
The  dike  is  on  a  ridge.  The  material  has  been  removed  in  dump  cars 
to  a  steep  slope  in  the  hill  down  which  it  has  been  dumped  into  a 
stock  bin  and  from  this  has  been  removed  as  required  to  a  field  wash- 
ing plant  near  by.  This  washing  plant,  operated  by  a  20-horsepower 
portable  engine,  consists  of  two  ordinary  clay  washers  and  two 
sand  wheels  through  which  the  crushed  kaolin  passes  to  mica-settling 
troughs.  After  passing  the  mica  troughs  the  kaolin  is  conveyed  by 
flume  to  the  concentrating  plant,  which  is  one-half  mile  distant  on  the 
west  bank  of  the  Little  Tennessee  River.  This  plant  comprises  con- 
centrating tanks  and  a  press  equipment,  including  cistern,  pumps, 
and  two  standard  filter  presses. 

From  the  presses  the  kaolin  goes  to  three  open-air  drying  sheds, 
averaging  100  by  14  feet. 

Kaolin  from  this  mine  was  sampled  directly  from  the  dike,  and  by 
the  laboratory  process  shows  a  kaolin  content  of  20  per  cent. 

The  kaolin  has  a  refractory  value  of  1,650®  C.  In  color  it  falls  very 
slightly  below  the  scale  established,  and  for  that  reason  has  been 
called  grade  6.  The  shrinkage  in  drying  at  110®  C.  is  3.6  per  cent  and 
in  firing  at  1,350®,  8.7  per  cent.  When  dried  at  110®  C.  the  kaolm 
has  a  tensile  strength  of  6  pounds  per  square  inch. 

PropertUa  in  standard  porcelain  mixture. 

In  the  mixture  fired  at  1,350^  0.  this  kaolin  givee  a  tranalucency  of  0.66  and  the  trans- 
mitted light  is  yellow.  Absorption  is  1.9  per  cent.  The  color  is  grade  6.  The  shrink* 
age  when  dried  at  110**  C.  is  2  per  cent;  when  fired  at  1,360**  C,  13.2  per  cent.  The 
color  is  not  affected  by  the  application  of  either  the  raw-lead  or  the  fritted  glazes. 

ALMOND.      HYDE   PBOSPECT. 

This  prospect  (9)  is  in  Swain  County,  N.  C,  2  miles  east  of  Almond, 
on  the  east  side  of  the  Little  Tennessee  River.  The  deposit  opened 
is  an  expanded  lens  covering  practically  the  whole  of  a  ridge  1^  to  2 
acres  in  area.  It  is  opened  by  five  test  holes  and  two  tunnels,  at  an 
average  elevation  of  200  feet  above  the  river,  on  both  sides  of  the 
ridge,  which  has  a  direction  N.  20°  E.  The  lens  is  very  irregular  and 
possesses  no  uniform  dip.  The  best  exposure  on  this  property  was  in 
the  tunnels,  one  having  a  length  of  75  feet  and  exposing  a  clear  width 
of  dike  material  of  only  20  feet.  This  tunnel  was  sampled  from  a 
pomt  30  feet  from  the  entrance  to  the  end,  a  distance  of  45  feet.  The 
material  at  the  end  is  60  feet  below  the  crest  of  the  ridge. 
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The  material  collected  was  washed  by  the  standard  laboratory 
process  and  yielded  only  19  per  cent  of  kaolin.  This  kaolin  was 
tested.  It  has  a  refractory  value  of  1,670°  C.  The  color  is  grade  6. 
Dried  at  110®  C.  the  kaolin  shrinks  4.2  per  cent  and  fired  at  1,350°  C, 
8.8  per  cent.    The  tensile  strength  is  8  pounds  per  square  inch. 

Properties  in  standard  porcelain,  mtxfure. 

In  the  mixture  and  fired  at  1,350^  0.  this  kaolin  gives  a  translucency  of  0.64  and 
the  transmitted  light  is  yellow.  Absorption  is  2.2  per  cent.  .  The  color  is  grade  6. 
The  shrinkage  when  dried  at  110°  C.  is  2.1  per  cent,  and  when  fired  at  1,350°  C,  12.8 
per  cent.    Tested  under  the  raw-lead  and  fritted  glazes  the  color  is  unaffected. 

ALMOND.      MESSER  PROSPECT. 

This  prospect  (10)  is  2i  miles  south  of  Almond,  Swain  County, 
N.  C,  on  the  west  side  of  the  Little  Tennessee  River.  Two  tunnels  on 
opposite  sides  of  the  knoU  and  25  feet  below  the  crest  expose  a  kaolin 
deposit  running  across  the  knoU.  The  dike  appears  to  have  a  north 
strike  and  the  dip  where  exposed  is  vertical.  The  material  in  these 
tunnels  contains  a  fair  quality  of  kaolin,  but  the  dike  contains  a  great 
many  narrow  streaks  of  stained  material  which  greatly  reduce  the 
value  of  the  deposit  at  this  point.  The  openings  are  200  feet  above 
Little  Tennessee  River,  and  undoubtedly  the  dike  at  a  lower  point 
would  show  material  of  a  much  higher  grade. 

ASHEVILLE.      SNIDER  PROSPECT. 

This  prospect  is  on  a  small  tract  of  land  3i  miles  west  of  AsheviUe, 
N.  C,  on  the  Asheville-Alexander  road.  It  is  on  the  north  bank  of 
French  Broad  River  and  is  550  yards  north  of  the  Southern  RaUway, 
which  here  follows  the  river.  The  dike  has  a  total  width  of  8  to  10 
feet  where  exposed,  but  contains  a  number  of  horses  of  wall  rock. 
This  exposure,  however,  goes  only  16  feet  below  the  surface  and  can 
not  indicate  the  dike  structure  at  lower  levels.  The  dike  strikes  N. 
30°  E.  and  dips  75°  SE.  The  material  is  somewhat  sandy  and  carries 
a  large  amount  of  white  mica,  most  of  which  is  in  very  small  particles, 
has  a  bright  luster,  and  is  an  ideal  material  for  the  pulvenzed-mica 
industry.  Similar  dikes  along  the  general  strike  of  this  one  are 
exposed  for  half  a  mile,  but  only  by  small  pits,  and  no  statement  as  to 
the  quality  of  their  material  is  attempted.  The  occurrence  of  a 
considerable  deposit  of  dikelike  formation  1  mile  distant  was  noted, 
but  found  to  contain  a  bluish-white  sand  similar  to  the  deposits  in 
the  neighborhood  of  Almond,  Swain  County,  N.  C.  The  material  in 
the  Snider  prospect  was  sampled  and  yielded  24  per  cent  of  kaolin 
and  9  per  cent  of  white  mica. 
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The  kaolin  showed  under  test  a  refractory  value  of  above  1,730°  C. 
Its  color  is  grade  3.  The  shrinkage  when  dried  at  110°  C.  is  4.2  per 
cent  and  fired  at  1,350°  14  per  cent.  The  tensile  strength  of  this 
kaolin  is  24  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  0.  this  kaolin  gives  a  translucency 
of  0.67  and  the  transmitted  light  is  cream  colored.  Absorption  is  4.8  per  cent.  The 
color  is  grade  3.  The  shrinkage  when  dried  at  110^  C.  is  3  per  cent  and  fired  at  1,350° 
G.  12.8  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  the  color  remains 
unaltered. 

BAKEBSVILLE.      AMEBICAN   MICA  A  MINING  GO.  MINE. 

This  mine  (89)  is  in  an  isolated  lens  of  kaolin  on  the  brow  of  the 
hill  1  mile  south  of  Bakersville;  Mitchell  County,  N.  C.  The  dike 
strikes  northeast  and  shows  a  width  of  about  12  feet  of  good-quality 
kaolin.  Attempts,  however,  to  prove  the  extent  of  this  material  in 
either  direction  have  failed.  The  deposit  is  doubtless  an  expanded 
lens  of  kaolinized  material  belonging  to  a  dike  that  is  exposed  300 
yards  to  the  southwest  by  a  shaft  on  this  same  property  and  there 
shows  5  to  6  feet  of  kaolin. 

A  careful  attempt  to  locate  the  dike  at  intermediate  points  by 
boiiDgs  made  at  3*foot  intervals  failed  to  expose  any  dike  material, 
and  it  is  therefore  concluded  that  the  dike  between  these  points  must 
be  very  narrow. 

BAKEBSVILLE.      BENNEB  MICA  MINE. 

This  mine  (82)  is  on  the  south  face  of  Sink  Hole  Ridge,  3  miles 
southeast  of  Bakersville,  Mitchell  County,  N.  C.  The  greater  part  of 
the  dike  where  exposed  on  this  property  is  semikaolinized  material. 
The  northwest  part  of  the  dike,  however,  appears  to  be  isolated  by  a 
broad  band  of  wall  rock  from  the  rest  of  the  dike,  and  into  this  part 
four  shafts  have  been  sunk  along  the  strike.  These  shafts  have  been 
abandoned  and  at  the  time  of  inspection  no  means  was  available  for 
getting  to  the  bottom  of  them. 

The  material  removed  from  this  part  of  the  dike,  as  indicated  by  the 
dumps,  is  a  good  plastic  kaolin.  The  width  of  this  kaolin,  however, 
is  reported  by  men  who  worked  in  the  mine  as  very  narrow,  at  some 
places  not  exceeding  a  few  feet.  The  length  of  the  exposure  devel- 
oped by  the  shafts  is  reported  to  be  only  a  few  rods.  Inability  to 
inspect  the  dike  prevented  a  more  complete  report. 

BAKEBSVILLE.      THOMAS   HOWELL  PBOSPEOT. 

This  prospect  (81)  is  on  Flukin  Ridge  2^  miles  south  of  Bakers- 
ville, Mitchell  County,  N.  C,  and  west  of  the  Bakersville-Sprucepine 
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road.  This  prospect  was  also  sampled  for  semikaolinized  feldspar. 
(See  p.  108.)  At  one  point  a  considerable  quantity  of  fine  white 
kaolin  is  encountered.  There  are,  however,  occasional  streaks  of 
fresh  feldspar  and  on  all  sides  of  the  lens  there  is  semikaolinized  mate- 
rial; these  facts  justify  the  assumption  that  the  kaolin  is  merely  an 
isolated  lens  and  would  not  justify  the  equipment  of  an  extensive 
outfit  for  handling  it,  although  the  presence  in  the  neighborhood  of 
other  isolated  kaolin  deposits  would  justify  the  sinking  of  shafts  and 
the  removal  of  this  kaolin  to  a  central  washing  plant,  if  one  were 
provided. 

BAKEBSVILLE.      AABON   m'KINNET   PROSPECT. 

This  prospect  (86)  is  1  mile  northeast  of  Bakersville,  Mitchell 
County,  N.  C,  and  3  miles  from  Toecane,  the  nearest  railroad  point. 

The  dike  is  about  30  feet  wide,  including  two  horses  of  mica  gneiss 
averagiog  between  6  and  8  feet  thick  where  exposed.  The  dike  occurs 
along  a  ridge  and  has  been  proven  for  about  300  yards.  Its  strike 
is  northeast  and  its  dip  is  nearly  vertical.  The  pegmatite  of  the  dike 
is  almost  completely  kaolinized  and  contains  numerous  small  pockets 
of  micaceous  material  heavily  stained  with  iron.  The  removal  of 
these  pockets  without  contamination  of  the  white  kaolin  would 
demand  much  care  in  mining.  This  dike  has  been  opened  by  two 
tunnels  along  and  one  across  the  dike,  besides  a  number  of  test  holes. 
The  kaolin  material  in  this  dike  was  sampled;  by  a  laboratory  washing 
process  it  yielded  32  per  cent  of  kaolin. 

This  kaolin  has  a  refractory  value  above  1,730**  C.  and  its  color  is 
grade  2.  When  dried  at  1 10°  C.  it  shrinks  4.4  per  cent  and  when  fired 
at  1,350°  C,  12.9  per  cent.  The  tensile  strength  of  this  kaolin  dried 
at  110°  C.  is  28  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixtvre. 

This  material  in  the  mixture  when  fired  at  1,350^  C.  has  a  tranalucency  of  0.61  and 
the  transmitted  light  is  cream  colored.  Absorption  is  4.25  per  cent.  The  color  ia 
grade  2.  Dried  at  110^  G.  the  shrinkage  of  the  kaolin  is  2.8  per  cent,  fired  at  1,350°  C. 
it  is  10.6  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  this  mass  shows  a  pro- 
nounced green  tint,  equally  apparent  under  both  glazes. 

BASJQRSVILLE.      JOHNSON  M'KINNEY  MIOA  MINE. 

This  mine  (87)  is  1  mile  northeast  of  Bakersville;  Mitchell  County, 
N.  C,  and  is  a  continuation  of  the  Aaron  McKinney  prospect  situ- 
ated due  southwest.  This  mine  has  been  worked  more  or  less  for 
mica  but  the  operations  have  been  entirely  by  shaft  and  the  openings 
have  all  been  allowed  to  fill  with  refuse,  making  a  sampling  of  this 
mine  impossible  without  great  expense. 
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BAKEBSTILLE.      SINK-HOLE   BIDGE   PBOSPEGT. 

■ 

This  prospect  consists  of  irregular  dikes,  doubtless  expanded  lenses, 
occurring  in  what  is  known  as  the  Sink  Hole,  a  ridge  with  a  sunken 
crest,  about  3  miles  southeast  of  Bakersville,  Mitchell  County,  N.  C, 
and  about  3  miles  from  Toecane,  the  nearest  railroad  station.  The 
property  has  been  thoroughly  mined  for  mica  and  the  more  or  less 
kaolinized  material  in  the  various  dikes  has  been  so  mixed  with  wall 
rock  and  other  impurities  that  the  opening  of  a  kaolin  mine  would 
be  almost  impossible.  The  depth  of  mining  in  some  places  reached 
40  feet  and  in  others  did  not  exceed  30  feet.  The  material  found  is 
invariably  more  or  less  kaolinized  but  the  lai^er  part  is  high  quality 
as  regards  color.  The  present  workings  are  all  in  a  semikaolinized 
part  of  the  dike  and  the  abandoned  workings  are  completely  closed 
by  refuse  from  the  later  workings.  Consequently  this  statement  on 
the  composition  of  the  dike  materials  at  different  points  is  based  on 
examination  of  the  dumps.  The  inability  to  obtain  material  directly 
from  the  dike  made  further  investigation  unadvisable. 

BEAVEB   CBEEK.      SOUTH   HABDIN   MICA   MINE. 

This  mine  is  IJ  miles  southwest  of  Beaver  Creek,  Ashe  County, 
X.  C.  The  pegmatite  dike  is  6  to  10  feet  wide,  strikes  N.  40°  E.,  and 
dips  60°  SE.  It  has  been  exposed  by  open-cuts  and  shafts  and  one 
tunnel  following  the  strike.  The  material  is  kaolinized  to  a  very 
uniform  extent  wherever  exposed,  but  in  no  exposures  has  kaolini- 
zation  proceeded  far  enough  to  cause  the  development  of  plasticity, 
although  it  is  reported  that  in  old  shafts  now  entirely  closed  by  slides 
a  good  grade  of  plastic  kaolin  was  exposed.  However,  the  dike 
material  which  was  carefully  sampled  fails  entirely  to  fall  under  the 
kaolin  classification,  and  it  is  therefore  reported  as  semikaolinized 
feldspar. 

BETA.      LOVE   PBOSPEGT. 

This  prospect  is  1  mile  east  of  Beta,  Jackson  Coimty,  N.  C,  on  the 
north  side  of  the  Murphy  Branch  of  the  Southern  Railway.  This 
prospect  is  opened  on  a  low  isolated  hill  adjoining  the  railway  and 
as  the  test  holes  are  now  almost  completely  filled  with  refuse  no  idea 
of  the  extent  of  the  deposit  can  be  obtained.  However,  the  dumps 
from  these  holes  indicate  that  kaolin  of  fair  quaUty  occurs  here. 

BOONFOBD.      YOUNG  PBOSPEGT. 

This  prospect  (76)  is  1  mile  west  of  Boonford,  Yancey  County, 
N.  C.  The  dike  averages  about  30  feet  in  width  and  contains  a  4-foot 
horse  of  wall  rock  in  the  middle.    It  strikes  northeast  and  dips 
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85^  S.  The  material  in  the  deposit  adjoining  the  northwest  wall  and 
on  the  north  side  of  the  band  of  wall  rock  is  very  much  more  advanced 
in  kaolinization  than  is  the  material  on  the  southeast  side  of  this 
band.  The  entire  dike  is  free  from  impurities  except  for  a  very  small 
amount  of  garnet  sand  occurring  in  small  pockets.  This  dike  has 
been  proven  for  only  a  short  distance,  but  the  surface  indications  are 
that  it  is  partly  exposed  several  yards  distant  along  the  strike  in  both 
directions.  However,  the  topography  is  so  irregular  that  a  thorough 
proving  by  test  holes  and  tunnels,  if  necessary,  would  alone  settle 
this  point. 

Material  from  this  dike,  where  exposed  by  tunnel,  was  sampled. 
By  the  laboratory  washing  process  this  material  yielded  22  per  cent 
of  kaolin  having  a  refractory  value  above  1,730°  C.  and  a  color  of 
grade  2.  When  fired  at  1,350°  C.  the  shrinkage  of  this  kaolin  is  12.6 
per  cent;  dried  at  110°  C.  the  shrinkage  is  4.8  per  cent.  This  kaolin 
dried  at  110°  C.  has  a  tensile  strength  of  22  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  C.  this  kaolin  showB  a  tranaluceDcy 
of  0.76  and  the  transmitted  light  is  cream  colored;  absorption  is  6  per  cent.  The 
color  is  grade  2  and  the  shrinkage  when  dried  at  110^  is  4  per  cent,  and  fired  at  1,350®  C, 
12.4  per  cent.  When  tested  under  the  raw-lead  and  fritted  glazes  no  change  of  tint 
is  apparent  in  this  mass. 

BRTSON.      CAROLINA   CLAY   CO.    MINE. 

This  mine  (7)  is  at  the  head  of  Buckner  Branch,  4  miles  southwest 
of  Bryson,  Swain  Coimty ,  N.  C.  It  is  reported  as  having  been  entirely 
worked  out  but  continuations  of  the  dike  or  similar  dikes  (6  and  8) 
occur  both  to  the  north  and  south  of  this  worked  deposit.  The  dike 
is  about  16  feet  wide.  It  strikes  N.  15^  E.,  and  dips  about  75^  W. 
It  is  rich  in  kaolin  along  the  west  wall  but  becomes  progressively 
poorer  toward  the  east  wall,  along  which  the  dike  material  is  prac- 
tically all  sand.  Numerous  pockets  of  garnet-colored  sand  and 
bands  of  the  wall  rock  are  noted. 

The  clay-washing  plant  erected  for  use  in  connection  with  tlus  mine 
has  fallen  into  decay  but  there  is  doubtless  considerable  valuable 
material  still  at  this  mine,  and  certainly  on  adjoining  prospects,  which 
could  be  washed  from  this  plant. 

A  sample  of  the  dike  material  from  across  the  full  width  of  the 
dike  yielded  by  the  laboratory  washing  process  22  per  cent  of  kaolin. 
This  kaolin  was  tested  and  found  to  have  a  refractory  value  of  1,650^ 
C.  Its  color  is  grade  5  and  shrinkage  3.8  per  cent  when  dried  at 
110°  C,  and  10.2  per  cent  when  fired  at  1,350°  C.  The  tensile  strength 
is  8  poimds  per  square  inch. 
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Properties  in  the  standard  porcelam  mixture. 

In  (he  mixture  fired  at  1,350^  C.  this  kaolin  has  a  translucency  of  0.65  and  the 
traDsmitted  light  is  yellow.  .Absorption  is  2.2  per  cent.  The  color  is  grade  5.  When  the 
EQAterial  is  dried  at  110^  C.  the  shrinkage  is  2.4  per  cent,  when  fired  at  1,350^  C.  it  is 
13.5  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  the  color  remains  unaltered. 

BRT80N.      EVERETT   PROSPECT. 

This  prospect  (5)  is  on  a  ridge  above  Watkins  Branch;  one-half 
mile  east  of  the  main  road  and  2  miles  northwest  of  Bryson,  Swain 
County,  N.  C.  The  width  of  the  dike  could  not  be  determined  pos- 
itively, but  from  surface  indications  it  is  9  to  10  feet  wide.  The 
prospect  is  due  southwest  from  the  Harris  Clay  Co.  mine,  and  li 
miles  distant.  The  dike  contains  very  few  large  flint  bowlders,  but  a 
considerable  proportion  of  semikaolinized  material.  The  deposit 
was  sampled  as  thoroughly  as  possible,  and  the  material  collected, 
when  washed  by  the  standard  laboratory  process,  yields  28  per  cent 
kaolin.  The  refractory  value  of  this  kaolin  is  above  1,730®  C.  Its 
color  is  grade  3;  its  shrinkage  when  dried  at  110®  C.  is  4.3  per  cent, 
fired  at  1,350®  C.  12.6  per  cent.  The  tensile  strength  is  15  pounds 
per  square  inch. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  fired  at  1,350^  C.  this  kaolin  has  a  translucency  of  0.65  and  the 
tensmitted  light  is  cream  colored.  Absorption  is  4.7  per  cent.  The  color  is  grade  3. 
Dried  at  110^  G.  the  shrinkage  is  3  per  cent,  fired  at  1,350^  0.  it  is  12.2  per  cent. 
Tested  under  the  raw-lead  and  fritted  glazes  the  color  remains  unaltered. 

BBYSON.      HARRIS   CLAY   CO.  MINE. 

This  mine  (2)  is  on  the  east  slope  of  a  ridge  2  miles  north  of 
Bryson,  Swain  County,  N.  C.  The  dike  varies  from  40  to  60  feet 
wide,  but  contains  many  bands  of  the  material  that  forms  the  wall 
rock.  The  dike,  which  is  faulted  at  intervals  of  about  160  feet, 
strikes  N.  20®  E.  Its  average  of  flint  content  is  low,  but  it  varies 
considerably  in  degree  of  kaolinization,  so  that  the  kaolin  content 
obtaiaed  by  washing  the  material  of  this  deposit  is  less  than  might 
reasonably  be  expected.  In  many  parts  of  the  dike  the  material  is 
yellow  and  of  low  grade  in  color;  spurs  of  the  dike  at  the  same  points, 
however,  are  of  pure  material,  free  from  stain.  The  dike  has  been 
practically  worked  out  over  the  area  within  which  the  material  was 
found  to  contain  a  commercial  quality  of  kaolin.  A  similar  dike  (4) 
was  opened  1  mile  southwest,  but  was  abandoned  after  a  few  months' 
work.  Good  material  has  been  located  (1)  3  miles  northeast  of  the 
HarriB  mine.  Mining  was  by  open*cuts  to  a  depth  of  about  35  feet 
and  by  shafts  below.  The  overburden  is  handled  with  wheelbarrows 
and  dump  carte,  and  its  removal  has  been  a  simple  problem  because 
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the  dike  is  along  the  face  of  a  very  steep  ridge.  The  kaolinized 
material  was  handled  in  steel  hopper  cars,  by  which  it  was  taken  to 
the  edge  of  the  slope,  where  it  was  emptied  into  the  cars  of  a  gravity 
railway,  by  which  it  was  carried  a  distance  of  200  yards  down  the 
mountain  and  there  automatically  dumped  into  the  storage  bins. 
From  these  bins  it  was  shoveled  by  hand  into  a  flume,  which  was 
suppUed  with  water  from  a  brook  near  by.  This  flume  carries  the 
material  one-half  mile  to  the  washing  plant,  where  the  regular  system 
of  washers  and  sand  wheels  is  used  to  remove  the  coarse  material. 
The  fine  material  passes  to  a  sand-settling  trough  and  thence  to  the 
mica-settling  troughs  and  over  a  battery  of  screens  into  another 
flume.  The  washed  material,  practically  pure  kaolin,  is  conveyed  1 J 
miles  to  the  concentrating  plant,  which  is  in  the  valley.  This  con- 
centrating plant  consists  of  concentrating  tanks  and  a  battery  of 
two  filter  presses.  The  pressed  kaolin  is  dried  in  open-air  sheds 
and  is  then  ready  for  market. 

Samples  of  the  material  as  mined  were  taken  from  the  part  of 
the  dike  being  worked  in  the  autumn  of  1911.  This  material  washed 
by  the  standard  laboratory  process  yields  22  per  cent  of  kaolin. 
This  kaolin  was  analyzed  and  found  to  have  the  following  chemical 
composition: 

Compogition  of  kaolin, 

H,0 14. 10 

SiOa 46.95 

ALjO, 37.24 

FeaO, 40 

TiOa 05 

CaO Trace. 

MgO Trace. 

NftaO : -. 24 

K3O - 49 


99.47 

The  refractory  value  of  this  kaolin  is  above  1,730®  C.  The  color  is 
grade  3.  Dried  at  110°  C.  it  shrinks  4  per  cent,  fired  at  1,350°  C. 
12.8  per  cent.    The  tensile  strength  is  14  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  C.  this  kaolin  has  a  translucency 
of  0.63;  the  transmitted  light  is  cream  colored.  Absorption  is  3.3  per  cent.  The 
color  is  grade  3.  Dried  at  110°  G.  the  shrinkage  is  2.8  per  cent,  fired  at  1,350^^  0. 
11.8  per  cent.    Tested  under  the  raw-lead  and  fritted  glazes  the  color  is  unaffected. 

BTJRN8VILLE.      KAOLIN   OUTCROPS. 

One-half  mile  north  of  Burnsville,  Yancey  County,  N.  C,  a  small 
kaolinized  dike  (68)  that  is  exposed  near  the  road  has  been  worked 
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in  a  small  way  for  mica.     The  exposure  is  not  large  enough  to  justify 
any  statement  as  to  the  kaolin  content. 

Two  and  a  half  miles  east  of  Bumsville  on  the  road  to  Micaville  is 
an  old  mica  mine  (71).  Although  the  shaft  is  closed  by  caving,  the 
material  above  the  mouth  of  the  shaft  shows  considerable  semikao- 
linized  feldspar  and  some  kaolin. 

.  BUBNSVILLE.      ELIZABETH   SMITH   MICA   MINE. 

This  mine  (69)  is  IJ  miles  east  of  Bumsville,  Yancey  County, 
X.  C,  on  the  north  side  of  and  150  yards  distant  from  the  Bums- 
yille-Micaville  road,  and  3^  miles  west  of  Micaville,  the  nearest 
shipping  point.  The  dike  is  from  25  to  35  feet  in  width,  strikes  N. 
20^  E.,  and  has  an  irregular  dip.  The  deposit  contains  a  number  of 
semikaolinlzed  lenses,  but  for  the  most  part  is  well  advanced  in 
kaolinization.  Of  the  mine  tunnels  some  have  been  driven  to  ex- 
pose kaolin  and  others  in  a  search  for  mica.  Those  for  mica  have 
been  n^lected  and  in  most  instances  have  fallen  in.  On  the  south- 
west end  of  the  dike  are  two  tunnels  about  50  feet  long,  connected  by 
a  crosscut,  which  exposes  practically  the  -entire  width  of  the  dike. 
At  this  point  the  dike  shows  6  feet  of  well-kaolinized  pegmatite  ad- 
joining the  west  wall,  9  f^t  of  semikaoUnized  material,  and  20  feet  of 
well-kaolinized  pegmatite  adjoining  the  east  wall.  The  country  rock 
is  completely  kaolinized  and  forms  a  yellow  claylike  material.  About 
one-third  mdle  to  the  north  and  on  the  general  strike  of  this  dike  a 
somewhat  narrower  but  otherwise  similar  dike  is  exposed.  At  various 
intemiediate  points  similar  dike  material  is  exposed  by  test  holes, 
indicating  that  the  dike  extends  the  entire  distance,  althoi^h  its 
width  and  uniformity  have  not  been  proven.  A  smaller  dike  (70) 
is  exposed  by  a  pit  south  of  the  road  and  one-eighth  mile  west. 

The  two  kaolinized  bands  exposed  in  the  timnel  were  sampled. 
When  washed  they  yielded  44  per  cent  of  kaolin,  which  showed  the 
following  chemical  composition  on  analysis: 

Composition  of  kaolin, 

H/> 13.10 

SiO, 45.95 

AljO, 39.20 

FejO, 05 

TiOj Ti»ce. 

CaO Trace. 

MgO Trace. 

BaO 03 

Na^O Trace . 

K^ 50 

98.83 
80421"— Bull.  53—13 ^9 


128         MINING  AKD  TREATMENT  OP  FELDSPAR  AND  KAOLIN. 

This  kaolin  has  a  refractory  value  above  1,730®  C.  and  the  color 
is  grade  2.  The  shrinkage  dried  at  110®  C.  is  4.4  per  cent;  when 
fired  at  1;350®  C,  12.9  per  cent.  The  tensile  strength  of  this  kaolin 
dried  at  110®  C.  is  29.5  pounds  per  square  inch. 

Properties  m  standard  porcelain  mixture. 

» 

This  kaolin  in  the  standard  porcelain  mixture  fired  al  1,350^  C.  has  a  transLucency 
of  0.7  and  the  transmitted  light  is  cream  colored.  Ahsorption  is  4.6  per  cent,  the 
color  grade  2.  The  shrinkage  when  dried  at  110^  C.  was  3.4  per  cent  and  fired  at 
1,350^  0.  14  per  cent.  Tested  under  the  fritted  and  raw-lead  glazes  the  mass  has  a 
very  pale  green  tint  that  is  equally  apparent  under  either  glaze. 

DILLSBORO.      ALLISON   PROSPECT. 

This  prospect  (50)  is  north  of  Barkers  Creek,  3  miles  west  of 
Dillsboro,  Jackson  County,  N.  C,  on  a  branch  one-half  mile  from 
the  creek.  A  dike  is  exposed  at  three  points.  These  exposures  have 
a  general  west  direction  over  a  knoll  and  the  exposed  dike  appears 
to  be  extremely  lenticular.  The  exposures  indicate  the  presence  of 
kaolinized  pegmatite,  but  the  work  done  does  not  expose  the  pure 
dike  material;  hence  no  salnples  were  taken. 

At  a  point  200  yards  north  (49)  on  the  opposite  side  of  the  branch 
a  short  timnel  has  penetrated  a  lens  of  pegmatite  which  is,  where 
exposed,  about  5  feet  in  diameter  and  semicircular  in  shape,  the  dike 
material  being  entirely  covered  by  an  arch  of  mica  gneiss.  The 
material  thus  appears  to  form  distinctly  a  lens  or  pocket,  and  its 
extent  can  be  proven  only  by  further  mining. 

At  a  point  one-eighth  mile  west  of  Barkers  Creek  Station  a  small 
kaolinized  pegmatite  dike  is  exposed  in  an  abandoned  mica  shaft 
(48),  but  the  workings  have  caved  and  the  dike  material  can  not  now 
be  reached. 

DILLSBORO.      ROBERT   ASHE   PROSPECT. 

This  prospect  is  6  miles  from  Dillsboro,  Jackson  County,  N.  C, 
and  one-half  mile  south  of  the  main  road  between  Webster  and 
Cullowhee  on  the  south  side  of  Tuckasegee  River.  The  kaolin  was 
opened  by  a  pit  in  a  gap  of  the  mountains,  but  the  pit  has  completely 
fallen  in  and  no  kaolin  is  visible.  The  reported  width  is  14  feet.  A 
small  amount  of  kaolin  is  found  in  the  dump,  but  much  of  this  is 
only  semikaolinized  and  considerable  stained  material  is  noted  in 
connection  with  the  kaolinized  pegmatite.  Mining  for  mica  has  been 
successful  at  various  points  in  the  neighborhood  for  a  distance  of 
one-fourth  mile  from  this  pit,  and  a  more  or  less  regular  band  of 
quartz  extends  in  a  general  north-south  direction  from  this  deposit 
through  the  mica  operations.  Considerable  further  work  is  necessary 
to  properly  expose  the  kaolin  at  the  old  pit. 
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DILLSBOBO.      GAGLE   GAP  MIOA  MINE. 

This  mine  (53)  is  2  miles  south  of  DillsborO;  Jackson  County,  N.  C, 
and  due  south  of  the  Dillsboro  bridge  across  Tuckasegee  River.  The 
dike  is  opened  in  Cagle  Gap  by  a  pit  at  the  road  side,  where  it  strikes 
N.  20^  E.  and  is  15  feet  wide.  The  material  along  the  walls  is  very 
rich  in  kaolin  and  is  well  kaolinized,  but  the  middle  of  the  dike  for  a 
width  of  about  8  feet  is  a  very  low-grade  material  and  is  imevenly 
kaolinized.  The  entire  deposit  is  rather  sandy.  The  part  rich  in 
kaolin  was  sampled.  Wa^ed  by  the  standard  laboratory  processi 
it  yielded  21  per  cent  of  kaolin.  The  refractory  value  of  this  kaolin 
is  1 ,730*^  C.  and  the  color  grade  4.  Its  shrinkage  when  dried  at  1 10^  C. 
is  5.8  per  cent  and  fired  at  1,350^  C.  13.3  per  cent.  The  tensile 
strength  is  16  pounds  per  square  inch. 

Properties  in  the  standard  porcelain  mixture. 

In  this  mixture  and  fired  at  1,350^  C.  the  kaolin  gives  a  translucency  of  0.65  and 
the  transmitted  light  is  cream  colored.  Absorption  is  5.4  per  cent.  The  color  is 
grade  4.  The  shrinkage  when  dried  at  110°  C.  is  2.8  per  cent  and  fired  at  1,350°  G. 
12.6  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  the  color  remains  unal- 
tered. 

DIULSBOBO.      HABBIS  CLAY  GO.  ICINE. 

This  mine  (60)  is  5  miles  southeast  of  Dillsboro,  on  the  Murphy 
branch  of  the  Southern  Railway,  Jackson  County,  N.  G.,  which  is 
the  nearest  sfxipping  point. 

The  pegmatite  dike  is  very  large,  200  to  300  feet  wide  and  about 
800  feet  long.  It  forms  a  ridge  that  trends  nearly  north.  In  the 
center  of  the  ridge  is  a  30-foot  band  of  sugar  quartz,  adjoining  which 
on  the  west  is  a  30-foot  band  of  gneiss.  The  kaolinized  pegmatite 
next  the  quartz  is  very  rich  in  kaolin  and  averages  25  to  40  feet 
wide;  adjoining  it  on  the  east  is  a  wide  band  of  kaolinized  pegmatite 
that  has  a  high  quartz  content.  On  the  west  side  of  the  gneiss  band 
is  another  wide  band  of  kaolinized  pegmatite.  As  in  all  pegmatite 
dikes  in  this  district  numerous  lenses  of  quartz  and  ferruginous  sand 
are  scattered  through  the  deposit,  but  most  of  these  lenses  are  well 
defined  and  may  be  removed  by  hand  labor  without  injury  to  the 
adjacent  material. 

Several  smaller  dikes  (59  and  68)  averaging  10  to  15  feet  wide 
have  been  opened  on  ridges  to  the  west  and  north  of  the  main  dike. 
All  have  been  opened  about  100  feet  above  Little  Savannah  Creek. 

The  country  rock  of  the  district  is  Carolina  gneiss  which  in  this 
section  is  weathered  to  a  maximum  depth  of  100  feet,  the  pegmatite 
being  altered  to  about  the  same  depth. 

The  overburden  is  principally  weathered  gneiss  which  has  a  golden- 
red  color  due  to  iron.     Where  the  dike  material  is  in  place  at  the 
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present  surface  of  the  country,  this  iron  stain  has  filtered  into  it  and 
rendered  it  practically  valueless  for  a  depth  of  4  to  12  feet. 

The  overburden  and  the  refuse  dike  material  are  removed  by  plow 
and  scraper,  which  are  supplemented  by  pick  and  shovel  for  the  last 
foot  above  the  valuable  material.  The  removal  of  overburden  pro- 
ceeds usually  6  to  10  feet  ahead  of  mining  except  where  a  quartz 
lens  is  encountered,  when  mining  is  continued  up  to  the  face  of  the 
quartz.  The  overburden  walls  are  generally  sloped  about  70  degrees 
from  the  horizontal. 

Surface  water  causes  little  annoyance  because  the  hillsides  are 
steep  and  the  dike  is  opened  almost  in  the  crest  of  the  ridge. 

The  method  of  mining  is  as  follows:  An  open-cut,  about  20  feet 
deep  in  the  dike,  is  run  along  the  face  of  the  hill.  The  material  is 
removed  by  pick  and  shovel  and  loaded  into  low  cars  which  carry 
about  1,000  pounds  each.  They  are  pushed  by  hand  or  drawn  by 
horse  along  a  tramway  to  the  edge  of  the  hill  where  the  material  is 
dumped  into  a  chute  and  water  pumped  in,  which  conveys  the  crude 
kaolin  to  the  washing  plant  in  the  valley  below. 

For  mining  the  lower  portions  of  the  deposit  circular  shafts  are 
used.  As  the  dike  material  at  this  point  is  kaolinized  to  a  depth  of 
about  too  feet,  heavy  timbering  is  necessary.  The  key-block  sys- 
tem (see  p.  68)  is  used.  The  material  is  loosened  by  pick  and  shovel, 
explosives  being  used  only  for  breaking  masses  of  quartz.  The 
shafts  are  sunk  in  benches  of  about  4  feet.  The  standard  type  of 
hoisting  bucket  and  a  drum  hoist  operated  by  a  horse  are  used. 

At  a  depth  of  about  60  feet  mining  is  somewhat  hindered  by  water, 
which  filters  into  the  shaft.  This  is  removed  by  the  buckets  in  the 
same  manner  as  the  other  material.  When  the  bottom  of  the  kaolin- 
ized  material  is  reached,  the  robbing  of  the  dike  adjacent  begins  and 
proceeds  by  benches  from  the  bottom  to  the  top  of  the  shaft,  the  tim- 
bering of  each  bench  being  removed  and  the  bench  being  filled  with 
waste  from  the  surface  before  the  level  above  is  disturbed.  This 
robbing  and  filling  is  worked  in  benches  of  about  4  feet,  like  shaft 
sinking. 

The  crude  kaohn  is  carried  by  flume  to  the  washing  plant,  where  it 
passes  through  two  clay  washers  in  succession  and  then  into  a  long 
narrow  tank  in  which  are  two  sand  wheels.  The  coarse  material 
removed  by  the  sand  wheels  passes  through  a  third  clay  weiisher  and 
into  another  long  vat  in  which  are  two  sand  wheels.  The  coarse 
material  removed  by  these  wheels  is  considered  as  waste.  The 
kaolin  obtained  by  this  second  washing  is  conducted  by  a  trough 
to  the  mica  troughs,  where  it  mixes  with  the  kaolin  from  the  first 
battery  of  washers.  The  mica  troughs  are  in  two  batteries,  thus 
dividing  the  flow  of  shp.  Stationary  screens  are  used  above  the  con- 
centrating tanks.     The  water  removed  from  these  tanks  is  pumped 


MTNIKQ  AOT>  TREATMENT  OP  FELDSPAR  AND  KAOLIN.  131 

to  the  head  of  the  flume  line  and  reused.  The  concentrated  slip  is 
pumped  into  filter  presses.  The  clay  cakes  are  dried  principally  in 
open-air  sheds,  although  a  steam  drier  is  provided  for  "rush"  orders. 

The  dry  kaolin  is  hauled  to  Dillsboro  over  a  tramroad  in  cars 
drawn  by  horses. 

Crude  kaolin  samples  taken  from  this  deposit  and  washed  by  the 
standard  laboratory  process  yielded  49  per  cent  of  kaolin.  This 
kaolin  was  analyzed.     It  has  the  following  chemical  composition: 

Composition  of  kaolin. 
HjO 13.99 

SiOj 46.95 

AljO, 37. 73 

Fe,0, 15 

TiOj 05 

OaO Trace. 

1%0 Trace. 

NaaO 18 

Efi 60 

99.65 

This  kaolin  has  a  refractory  value  above  1,730®  C.  Its  color  is 
grade  1.  Its  shrinkage  when  dried  at  110°  is  6.1  per  cent;  when 
fired  at  1,350®,  12.7  per  cent.  Its  tensile  strength  is  24  pounds  per 
square  inch. 

Properties  in  standard  porcelain  mixture. 

This  kaolin  when  introduced  into  the  mixture  and  fired  at  1,350^  C.  has  a  tran»- 
iucency  of  0.69  and  the  transmitted  light  is  cream  colored.  Absorption  is  5.8  per 
ceDi.  The  color  of  the  mass  when  fired  at  1,350^  C.  is  grade  1.  The  shrinkage  at 
110**  is  3  per  cent  and  when  fired  at  1,350®  C.  is  12.6  per  cent.  When  tested  under 
the  raw-lead  and  fritted  glazes  this  mass  shows  a  pale-green  tint,  equally  apparent 
under  each  glaze. 

FRANKLIN.      BET80N   PROSPECT. 

This  property  adjoins  the  West  prospect  on  the  west  and  is 
8  miles  north  of  Franklin  ^  Macon  County,  N.  C.  The  dike  exposed 
has  the  same  strike  as  that  on  the  West  prospect,  but  is  opened  at  a 
level  50  feet  lower  by  a  tunnel  120  feet  long.  A  width  of  nearly  15 
feet  of  kaolin  is  exposed. 

This  dike  was  carefully  sampled.  Washed  by  the  standard  labora- 
tory process  the  material  yielded  38  per  cent  of  kaolin.  This  kaolin 
has  a  refractory  value  above  1,730®  C.  and  its  color  is  grade  2. 
Dried  at  110®  C.  its  shrinkage  is  6.6  per  cent  and  when  fired  at  1,350® 
C,  17.3  per  cent.     The  tensile  strength  is  28  pounds  per  square  inch. 

Properties  in  the  standard  porcelain  mixture. 

In  the  mixture  fired  at  1,350°  C.  this  kaolin  gives  a  translucency  of  0.68  and  the 
tmiamitted  light  is  cream  colored.  Absorption  is  4.5  per  cent.  The  color  is  grade  2. 
The  shrinkage  when  dried  at  110°  is  3.4  per  cent  and  when  fired  at  1,350^  0.,  14  per 
cent.  When  tested  under  the  raw-lead  and  fritted  glazes  this  kaolin  shows  a  very 
pale-green  tint,  equally  apparent  under  each  glaze. 
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FRANKLIN.      OHALK  MIOA  MINE. 

This  mine  (30)  is  2  miles  north  of  the  Franklin-Bumingtown  road 
and  6  miles  northwest  of  Franklin,  Macon  County,  N.  C.  The  dike 
is  from  15  to  20  feet  in  width.  It  strikes  N.  30^  E.;  its  dip  isnearlv 
vertical.  The  material  variee  from  a  very  pure  kaolin,  exposed  bi 
a  tunnel;  to  a  very  sandy  kaolin,  exposed  in  an  open-cut  20  yards 
distant.  It  has  only  been  proven  for  a  distance  of  about  50  yards, 
but  there  is  no  reason  to  doubt  that  it  extends  a  considerable  dis- 
tance farther  south. 

This  material  was  sampled  to  give  an  average  of  the  deposit  so 
far  as  exposed  and  was  washed  by  the  standard  laboratory  process. 
The  sample  yielded  35  per  cent  of  kaolin  that  has  a  refractory  value 
above  1,730^  C.  The  color  is  grade  3,  but  as  the  sample  represented 
the  entire  deposit  the  eUmination  of  a  small  portion  of  the  poorer 
material  would  much  improve  the  color.  The  shrinkage  of  this 
kaolin  dried  at  110^  C.  is  5.7  per  cent  and  fired  at  1,350^  C.  is  13.7 
per  cent.  Its  tensile  strength  when  dried  at  110^  C.  is  15.5  pounds 
per  square  inch. 

Propertiei  in  ttandcard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  0.  this  kaolin  gives  a  tranfilucency 
of  0.65  and  the  tranamitted  light  is  cream  colored.  Absorption  is  6  per  cent,  and 
the  color  ib  grade  3.  The  shrinkage  is  3  per  cent  when  dried  at  110**  0.,  and  when 
fired  at  1,350^  C.  is  14.8  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  this 
mass  assumes  a  pale-green  tint,  equally  apparent  under  either  glaze. 

FRANKLIN.      FRANK  PROSPECT. 

This  prospect  (27)  is  2\  miles  northeast  of  Franklin,  Macon  County , 
N.  C,  on  the  Franklin-Dillsboro  road.  The  dike  of  kaolinized  peg- 
matite follows  a  ridge  and  strikes  about  west,  varying  from  12  to  15 
feet  wide.  This  dike  contains  little  fine  quartz  and  is  covered  by 
only  about  8  feet  of  overburden.  It  has  been  opened  by  a  number 
of  shafts  and  a  timnel;  and  from  the  tunnel  which  offers  the  best 
opportunity  for  sampling   an  average  sample  was  taken. 

This  sample  when  washed  by  the  standard  laboratory  process 
yielded  31  per  cent  of  kaolin.  The  refractory  value  of  the  kaolin  is 
above  1,730**  C,  and  the  color  grade  3.  When  dried  at  110^  C.  it 
shrinks  5.4  per  cent  and  when  fired  at  1,350®  C.  15.1  per  cent.  The 
tensile  strength  of  this  kaolin  is  18  pounds  per  square  inch. 

Properties  in  the  standard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  C.  this  kaolin  gives  a  transIaceDcy 
of  0.63  and  the  transmitted  light  is  cream  colored.  Absorption  is  4.9  per  cent.  The 
color  is  grade  3.  The  shrinkage  when  dried  at  110^  C.  is  3  per  cent  and  when  fired  at 
1,350^  0.  is  13.2  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  this  kaolin 
shows  a  pale-green  tint,  equally  apparent  under  either  glaze. 
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FRANKLIN.      FRANKLIN   KAOLIN   TO  MICA   CO.   MINES. 

These  mines  (23)  are  4^  miles  north  of  Franklin,  Macon  County, 
N.  C;  at  lotla  Bridge  on  the  west  bank  of  Little  Tennessee  Riyer .  Frank- 
lin is  the  nearest  railroad  station.  The  mines  were  originally  worked 
for  mica,  but  have  more  recently  been  worked  for  kaolin,  being  the 
first  for  kaolin  west  of  the  Cowee  Mountains.  The  development 
consists  of  10  tunnels  and  about  12  shafts.  Some  of  the  shafts  have 
reached  a  depth  of  120  feet.  It  contains  a  number  of  weU-defined 
bauds  of  sugar  quartz  and  these  occur  not  only  along  the  walls 
but  also  midway  between  the  walls.  The  dike  has  been  worked  for 
550  feet  and  varies  in  width  from  10  to  100  feet,  approximately.  The 
pegmatite  was  remarkably  low  in  quartz,  yielding  a  very  high^rade 
kaolin.  The  deposit  is  not  completely  worked  out  but  has  been 
abandoned.  Only  one  shaft  is  in  such  a  condition  that  the  dike 
material  can  be  studied,  but  the  product  of  this  mine  had  gained  a 
reputation  for  high  quality  and  fine  color,  and  this  shaft  exposed 
kaolin  which  evidently  represented  a  fair  average  of  that  in  the  dike. 

This  material  was  sampled  and  washed  by  the  standard  laboratory 
process  and  found  to  contain  42  per  cent  of  kaolin,  which  has  a  refrac- 
tory value  above  1,730°  C.  Its  color  is  grade  1,  and  its  shrinkage 
when  dried  at  110°  C.  is  5.2  per  cent  and  when  fired  at  1,350°  C.  is 
12.4  per  cent.    The  tensile  strength  is  24  pounds  per  square  inch. 

Properties  in  the  standard  porcelain  mixture. 

In  the  mixture  and  fired  at  1,350^  C.  this  kaolin  gives  a  translucency  of  0.72  and  the 
transmitted  light  is  cream-white.  Absorption  is  6.2  per  cent  and  color  is  grade  1. 
Dried  at  110^  C.  the  shrinkage  is  3.2  per  cent  and  fired  at  1,350^  0.  the  shrinkage  is 
12.8  per  cent.  The  test  under  the  raw-lead  and  fritted  glazes  shows  that  the  color 
remains  unaltered. 

FRANKLIN.      GURNET   CLAY  CO.   MINE. 

Tlus  mine  (29)  is  on  the  south  side  of  lotla  Creek,  2  miles  from 
the  Little  Tennessee  River  and  4  miles  north  of  Franklin,  Macon 
County,  N.  C. 

The  kaolinized  dike  forms  an  expanded  lens,  averaging  about  200 
feet  in  width  and  300  feet  in  length  already  proven,  located  on  the 
north  slope  of  a  low  ridge.  Similar  material  is  exposed  in  an  aban- 
doned mica  shaft  (28)  one-eighth  mile  northwest.  The  Gumey  mine 
was  opened  first  by  shaft  at  the  lowest  point  on  the  north  edge  of  the 
lens,  where  the  overburden  was  not  more  than  2  or  3  feet.  Shafts 
were  sunk  higher  up  the  hill  which  show  that  the  overburden  does 
not  increase  much.  However,  the  cost  of  shaft  Tnining  became  so 
great  that  open-cut  mining  was  finally  adopted.  The  open-cut  has 
been  advanced  a  depth  of  20  to  30  feet  into  the  lens  and  up  to  the 
present  little  quartz   has  been  encountered.    The  lens  consists  of 
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bands  varying  in  kaolin  content,  some  parts  being  veiy  rich  and  others 
very  low  in  kaolin.  By  mining  the  entire  width  of  the  dike,  as  nearly 
as  possible,  the  operator  is  able  to  average  this  material  and  thus 
produce  a  product  reasonably  uniform  in  physical  properties.  Some 
of  the  shafts  reach  a  depth  of  100  feet,  but  below  this  level  the  degree 
of  kaolinization  hardly  justifies  mining. 

The  material  from  the  shafts  has  been  hoisted  by  horse  whims. 
The  water,  which  flows  into  the  shaft  rapidly  below  about  60  feet, 
has  up  to  the  present  been  removed  in  buckets,  which  differ  in  size 
only  from  those  for  hoisting  the  dike  material.  Handling  the  water 
in  this  maimer  is  difficult,  and  attention  is  being  given  to  the  installa- 
tion of  pumps,  but  all  pumps  tested  have  proven  unsatisfactory 
because  the  grit  in  the  water  rapidly  cuts  out  and  ruins  the  valves. 

A  tunnel  from  about  the  level  of  the  creek  bed,  which  is  100  feet 
below  the  open-cut  level,  is  considered,  and  in  this  way  the  mine  may 
possibly  be  drained  effectively. 

The  material  removed  from  the  deposit,  whether  by  open-cut  or 
by  shaft,  is  conveyed  to  a  central  point  by  tramcars  and  there  is 
mixed  in  constant  proportion  and  emptied  into  a  flume,  the  water 
for  which  is  pumped  a  distance  of  500  yards.  This  flume  conveys  the 
dike  material  to  the  washing  plant,  which  consists  of  two  washers  and 
a  long  trough  in  which  are  two  sand  wheels.  From  the  sand  wheels 
the  material  passes  to  a  long  sand  trough  and  from  the  sand  trough 
to  mica  troughs.  The  mica  troughs  of  this  plant  are  constructed 
with  absolutely  no  drop  from  entrance  to  exit  and  the  removal  of 
the  very  fine  sand  and  mica  is  therefore  thorough. 

From  the  end  of  the  sand  troughs  the  kaolin  slip  passes  through  a 
battery  of  stationary  screens  and  then  into  settling  tanks.  In  the 
settling  process  aluminum  sulphate  is  used  as  an  aid  in  concentration. 
It  is  placed  in  bags  and  suspended  in  the  trough  between  the  screens 
and  the  settling  tanks,  and  is  found  as  effectiveuas  the  alum  em- 
ployed at  other  plants  through  this  district.  After  the  excess  water 
is  removed  the  kaolin  slip  is  conveyed  to  a  reservoir  and  thence 
pumped  into  the  filter  presses. 

After  leaving  the  filter  presses  the  kaolin  is  dried  by  two  systems. 
One  is  the  standard  steam-drier  system,  in  which  the  steam  pipes 
are  placed  directly  on  the  floor,  and  on  these  pipes  the  damp  kaolin 
is  heaped.  These  pipes  are  open  at  one  end  so  that  the  steam  is 
under  no  pressure.  The  other  system  of  drying  is  the  open-air  rack 
system.  A  building  two  stories  high  has  in  the  upper  story  racks 
upon  which  the  kaolin  is  spread;  when  dry  this  kaolin  is  dumped 
through  the  floor  into  the  lower  story,  which  is  used  for  storage. 
This  buildii^  has  a  ridge  roof  with  an  opening  the  full  length  along 
the  ridge,  covered  with  an  additional  narrow  ridge  roof,  so  that  the 
escapmg  moisture  from  the  drying  kaolin  passes  off  unretarded  and 
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does  not  condense  on  the  underside  of  the  roof  as  has  been  the  case 
in  some  other  drying  sheds.  The  steam  drier  connected  with  this 
plant  is  150  feet  long  by  24  feet  wide.  The  open-air  drier  is  110  feet 
long  by  24  feet  wide  and  four  racks  high,  each  rack  being  1^  feet 
deep. 

The  dike  material  was  carefully  sampled  and  yielded  42.5  per  cent 
of  kaolin.  However,  at  the  time  of  this  sampling  the  richer  part  of 
the  dike  only  was  exposed  and  the  kaolin  yield  of  the  entire  dike  will 
probably  not  exceed  30  per  cent. 

This  kaolin  was  analyzed  and  found  to  have  the  following  chemical 
composition: 

Compontion  of  kaolin. 

HjO 14.72 

SiOj .r*. 44.00 

AljO, 40.79 

FcaOj 11 

TiOj Trace. 

CaO Trace . 

MgO Trace. 

Na,0 07 

Kfi 55 

100.24 

This  kaolin  has  a  refractory  value  above  1,730°  C,  and  its  color 
is  grade  1.  Dried  at  110°  C.  it  shrinks  5.4  per  cent  and  fired  at 
1,350°  C.  it  shrinks  11.9  per  cent.  The  tensile  strength  is  27.5  pounds 
per  square  inch. 

Propertiei  in  standard  porcelain  mixture. 

In  the  mixture  fired  at  1,350°  C.  the  kaolin  has  a  translucency  of  0.72  and 
the  transmitted  light  is  cream-white.  Absorption  is  6.5  per  cent.  The  color  is 
grade  1.  The  shrinkage  when  dried  at  110°  G.  is  3.2  per  cent  and  when  fired  at 
1,350°  C.  12.4  -pex  oent.  Tested  under  the  raw-lead  and  fritted  glazes  the  color  is  not 
affected. 

FRANKLIN.      KASSON   MICA   MINE. 

This  mine  (46)  is  2  miles  northeast  of  Franklin,  Macon  County, 
N.  C,  on  the  east  side  of  the  Franklin-Dillsboro  road.  The  dike  and 
its  numerous  stringers  varying  in  width  from  6  to  16  feet  strike 
N.  40**  E.  and  dip  from  75"*  W.  to  80**  E.  The  mine  has  been  worked 
only  for  mica  but  the  dike  where  exposed  is  completely  kaolinized 
and  enormous  quantities  of  high-grade  kaolin  have  been  ruined  by 
mixture  with  wall  rock  in  the  dumps.  The  kaolinized  dike  is  remark- 
ably free  from  impurities  except  for  small  pockets  of  garnet-colored 
sand  and  altered  biotite  which  is  badly  iron-stained.  The  presence 
of  this  iron  stain  would  demand  some  care  in  mining  but  its  coloring 
power  in  the  burned  product  is  very  much  less  than  would  be  expected 
from  the  appearance  of  the  washed  clay  in  which  this  iron  stain  is 
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allowed  to  remain.  The  portion  of  the  dike  that  is  most  completely 
kaolinized  and  contains  the  least  proportion  of  the  iron  stain  was 
sampled.  The  sample  when  washed  by  the  standard  laboratory  proc- 
ess yielded  41  per  cent  kaolin  which  had  a  pronounced  pink  color 
from  this  stain.  The  kaolin,  however,  has  a  refractory  value  above 
1,730°  C.  and  its  color  is  grade  3.  Its  shrinkage  is  4.7  per  cent  when 
dried  at  110°  and  14.1  per  cent  when  fired  at  1,350°  C.  The  tensile 
strength  of  this  kaolin  dried  at  110°  is  18  pounds  per  square  inch. 
If  the  garnet-colored  sand  and  altered  biotite  were  carefully  removed 
the  kaohn  produced  would  doubtless  be  improved  in  color  at  least 
one  grade,  but  owing  to  the  fact  that  this  deposit  is  worked  entirely 
by  tunneb  on  the  *  'ground-hog"  system  the  present  exposures  are  not 
extensive  enough  to  justify  a  positive  statement  as  to  the  possibil- 
ity of  working  this  dike  for  higher-grade  kaolin. 

Properties  in  standard  porcelain  mixture. 

This  kaolin  in  the  mixture  fired  at  1,350^  produces  a  translucency  of  0.71  and  the 
transmitted  light  is  cream  colored.  Absorption  is  5.6  x>er  cent.  The  color  is  grade  3. 
Dried  at  110^  C.  this  mass  shrinks  3.2  per  cent  and  when  fired  at  1,350^  C.  the  shrink- 
age is  13.3  per  cent.  When  tested  imder  the  raw-lead  and  fritted  glazes  the  tint  of 
this  mass  is  a  very  pale  green,  equally  apparent  under  either  glase. 

FRANKLIN.      LENOIB  PEOSPEOT. 

This  prospect  (44)  is  4J  miles  west  of  Franklin,  Macon  County, 
N.  C,  on  the  Franklin-Andrews  road.  There  is  a  dike  averaging 
about  20  feet  wide  and  exposed  on  the  slope  of  a  hill  by  two  tunnels, 
one  20  feet  below  the  other.  The  strike  is  west,  the  dip  perpendicu- 
lar. The  kaolin  exposed  in  the  upper  tunnel  is  free  from  bands  or 
streaks  of  other  material  and  has  a  small  content  of  quartz.  The 
material  in  the  lower  tunnel  is  more  or  less  stained  by  small  streaks 
of  iron-stained  sands  at  frequent  intervals  in  the  walls.  The  dike 
appears  to  be  incompletely  kaolinized  in  places,  streaks  of  hard 
material  almost  approaching  feldspar  in  appearance  being  encoun- 
tered at  frequent  intervals,  but  most  of  these  streaks  are  narrow. 
The  lower  tunnel  contains  a  number  of  lenses  or  pockets  of  micaceous 
material  embedded  ia  staiaed  kaolin,  but  they  are  small  and  doubtless 
could  be  easily  removed. 

The  kaolin  from  this  deposit  was  sampled.  It  yielded  by  washing 
38  per  cent  of  kaolin.  The  shrinkage  of  this  kaolin  at  110^  C.  is 
6.4  per  cent  and  at  1,350^  C.  is  14.9  per  cent.  The  tensile  strength 
at  110^  is  20  pounds  per  square  inch.  The  color  is  grade  1  and  the 
refractory  value  is  above  1,730®  C. 

Properties  in  standard  porcelain  mixture. 

In  this  mixture  the  shrinkage  at  110^  is  3.6  per  cent;  fired  at  1,350^  C,  11.6  per 
cent.  The  translucency  is  0.67  and  the  transmitted  light  is  cream  colored.  The 
absorption  is  7.1  per  cent.  The  color  is  grade  1.  Under  the  fritted  and  raw-lead 
glazes  the  color  of  the  porcelain  mixture  is  not  altered. 
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FKANKLIK.      LTLE  FBOSPECT. 

This  prospect  (37)  is  1}  miles  northeast  of  Franklin^  Macon  County, 
N.  C.|  on  the  Dillsboro  road.  It  is  a  dike  about  15  feet  wide  that 
strikes  northeast  and  dips  75^  NW.  There  is  little  fine  mica  or 
other  impurity  in  the  dike  material,  but  the  degree  of  kaolinization 
is  Yariable.  Proper  sampling  was  impossible  because  the  dike  has 
been  opened  to  a  depth  of  only  about  10  feet,  and  surface  drainage 
may  have  removed  much  of  the  fine  kaolin  from  this  part  of  the  dike. 

The  least-exposed  part  of  the  deposit  was  carefully  sampled. 
The  sample  contains  26  per  cent  of  kaolin  when  washed  by  the 
standard  laboratory  process.  This  kaolin  has  a  refractory  value  of 
1,690^  C.  and  its  color  is  grade  3.  Its  shrinkage  when  dried  at 
110^  C.  is  5.2  per  cent  and  when  fired  at  1,350°  C.  is  15.8  per  cent. 
The  tensile  strength  of  the  kaolin  dried  at  110°  is  16  pounds  per 
square  inch. 

FropertieB  in  sUmdard  porcelain  mistitwre. 

This  kaolin  introduced  into  the  mixture  and  fired  at  1,350^  G.  gives  a  tnmslucency 
of  0.67  and  the  transmitted  light  is  cream  colored.  Absorption  is  3.1  per  cent.  The 
color  is  grade  3.  Dried  at  110*^  the  shrinkage  is  3.3  per  cent  and  when  fired  at 
1,350^  0.  the  shrinkage  is  12.8  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes 
thers  IB  no  change  in  color. 

FBANKLIN.      M'GUIBE    PBOSPEOT. 

This  prospect  (43)  is  4  miles  northwest  of  Franklin,  Macon  County, 
N.  C,  on  a  west  spur  of  Tremont  Mountain,  one-eighth  mile  south 
of  the  McGuire  feldspar  mine  and  on  about  the  same  elevation. 
The  dike  strikes  northeast  and  dips  80^  S.,  it  is  kaolinized  and  about 
18  feet  thick  at  this  point.  It  is  free  from  associated  minerals  but 
contains  a  small  amount  of  semikaolinized  material.  There  are  two 
tunnels  into  the  dike,  but  no  material  has  been  sold. 

The  material  exposed  was  sampled  and  washed.  It  showed  a 
kaolin  content  of  42  per  cent.  This  kaolin  has  the  following  chemical 
analysis: 

Analysis  of  kaolin. 

Efi 14.00 

SiO, 46.36 

Al^O, 39.00 

Pe,0, 30 

TiO, Trace. 

CaO Trace. 

MgO Trace. 

Na,0 00 

Kfi 50 

100.15 
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The  shrinkage  of  this  kaolin  at  110^  C.  is  5.7  per  ceat,  the  tensile 
strength  per  square  inch  27.5  pounds,  the  shrinkage  when  fired  at 
1;350^  C.  10.5  per  cent.  The  color  is  grade  3  and  the  refractoiy 
value  is  above  1,730®  C. 

Properties  in  standard  jKJirodaia  inixtwre. 

The  shrinkage  of  this  kaolin  in  the  mixture  at  110^  is  3.2  per  cent.  When  fired  at 
1,350^  it  has  a  shrinkage  of  14.2  per  cent  and  a  tianslucency  of  0.72;  the  tnuimmtted 
light  is  cream  colored.  Absorption  is  5.4  per  cent.  The  color  is  grade  3,  Under 
the  fritted  and  raw-lead  glazes  the  color  remains  unaltered. 

FRANKLIN.      POBTEB  MIOA   MINE. 

About  2  miles  west  of  Franklin,  Macon  County,  N.  C,  is  the  old 
Porter  mica  mine  (45).  It  has  long  been  abandoned  and  the  shafts 
have  caved,  preventing  any  proper  sampling  of  the  deposit.  The 
dumps  about  the  shafts  show  considerable  kaolin  of  fair  quality 
but  no  record  of  the  dimensions  of  the  dike  is  obtainable. 

FRANKLIN.      MOORE   MICA  MINE. 

This  mine  (36)  is  1 J  miles  north  of  Franklin,  Macon  Oounty,  N.  C, 
on  the  west  bank  of  the  little  Tennessee  River,  about  80  feet  above 
the  river.  The  mine  is  reported  to  have  been  opened  by  tunnels 
several  years  ago  but  is  now  opened  only  by  two  shafts  which  do 
not  cut  the  main  dike.  The  section  exposed  by  the  shaft  is  9  feet 
wide  and  shows  kaolin  very  free  from  impurities  and  low  in  quartz. 
A  considerable  part  of  this  dike,  however,  is  not  completely  kaolinized. 
Where  exposed  it  is  covered  with  about  20  feet  of  overburden, 
strikes  N.  40*^  E.,  and  dips  85°  N. 

The  kaolin  material  was  sampled  and  by  the  laboratory  washing 
process  found  to  contain  34  per  cent  of  kaolin.  The  refractory  value 
of  this  kaolin  is  above  1,730°  C.  Its  color  when  fired  at  1,350°  C. 
is  grade  1 ;  its  shrinkage  when  dried  at  110°  C.  is  7  per  cent  and  when 
fired  at  1,350°  C.  is  15.7  per  cent.  The  tensile  strength  of  this 
kaolin  dried  at  110°  C.  is  26  pounds  per  square  inch. 

Properties  in  sUmdard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  C.  this  kaolin  shows  a  tranducency 
of  0.64.  The  transmitted  light  is  cream  white.  Absorption  is  7.6  per  cent.  The  color 
is  grade  1.  The  shrinka^re  when  dried  at  110^  is  3  per  cent  and  when  fired  at  1,350^  0. 
12  per  cent.  Tested  under  the  fritted  and  raw-lead  glazes  this  porcelain  mixture 
assumes  a  pale-green  tint. 

FBANELIN.   MYERS  FROSPBOT. 

This  prospect  (26)  is  due  southwest  from  the  Sloan  prospect,  about 
4  miles  below  Franklin,  Macon  County,  N.  C.  It  is,  however,  on  the 
south  side  of  the  Little  Tennessee  River  and  directly  on  the  line  of  the 
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strike  of  the  dike  on  the  Sloan  prospect.  The  dike  on  the  Myers 
prospect  follows  a  low  ridge  and  is  exposed  by  small  pits.  It  is 
opened  at  one  point  for  a  distance  of  25  feet  along  the  strike  and  shows 
a  maximum  width  of  12  feet.  The  depth  of  the  opening  is  only 
about  5  feet,  which  is  not  enough  to  properly  remove  the  surface 
material;  hence  the  actual  quatity  of  the  dike  could  not  be  accurately 
determined.  Indications  of  this  dike  continuing  in  both  directions 
are  evident  from  surface  marks,  but  no  work  has  been  done  to  prove 
its  continuation.  As  this  property  is  on  the  south  side  of  the  Little 
Temiessee  River  its  distance  by  road  from  the  shipping  point,  which 
is  Franklin,  N.  C,  is  about  3^  miles. 

FRANKLIN.      RABT  MIOA   MINE. 

This  mine  (32)  is  north  of  Tremont  Mountain  and  on  the  west  side 
of  Halls  MiU  Creek,  1  mile  west  of  Bumingtown  road  and  4  miles  from 
Franklin,  Macon  County,  N.  C. 

The  dike  with  a  number  of  stringers  has  a  total  width  of  almost 
100  yards,  and  strikes  N.  10**  E.  across  a  ridge  which  runs  almost 
due  west  and  has  a  width  of  about  one-fourth  mile.  The  stringers 
averi^e  about  15  feet  wide,  and  have  been  proven  for  about  200  feet 
on  each  side  of  the  ridge  and  about  100  feet  below  the  crest  of  the 
ridge.  The  kaolin  penetrated  by  timnels  at  low  levels  shows  a 
higher  sand  content,  undoubtedly  because  it  is  material  accumulated 
by  a  shde  or  sUp  from  the  main  body.  Dikes  of  similar  structure  are 
exposed  by  prospect  tunnels  one-fourth  mile  north  (31)  and  one-fourth 
mile  east  (33).  A  dike  of  lower  grade  (34)  is  exposed  on  a  north  slope 
one-fourth  mile  southeast  of  the  Baby  mine. 

The  kaolin  material  was  carefully  sampled  and  by  the  laboratory 
washing  process  yielded  45  per  cent  of  kaolin.  By  analysis  it  showed 
a  chemical  composition  as  follows: 

Composition  of  kaolin. 

H,0 13.80 

SiOj 46.90 

A1,0, 38.60 

FejO, 25 

TiOa Trace. 

CaO Trace. 

MgO Trace. 

Na/) ^      -26 

Kfi 39 

100.20 

This  kaolin  had  a  refractory  value  above  1,730**  C.  Its  color  when 
fired  to  1,350**  C.  is  grade  3.  Its  shrinkage  when  dried  at  110**  is 
6.25  per  cent,  and  when  fired  to  1,350**  C.  is  13.5  per  cent.  Dried  at 
110*^  this  kaolin  has  a  tensile  strength  of  21.5  pounds  per  square  inch. 
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Propertia  in  gUmdard  porcMn  mixture. 

In  the  mixture  when  fired  at  1,350^  C.  this  kaolin  gives  a  tranducency  of  0.71  and 
the  transmitted  light  is  cream  colored.  Absorption  is  6  per  cent.  The  color  is  grade  3. 
The  shrinkage  at  110^  is  2.2  per  cent,  when  fired  at  1,350^  G.  13.2  per  cent.  When  the 
fritted  or  the  raw-lead  glaze  is  applied  to  the  porcelain  mixture  the  color  of  the  body 
through  the  glaze  appears  to  be  a  pale  green  and  is  as  pronounced  under  one  s^aze  u 
under  the  other. 

FRANKLIN.      ROCHE8TEB  MIOA  MINE. 

The  location  (22)  *is  the  same  as  the  Lisle  Knob  mica  mine,  5  miles 
north  of  Franklin,  Macon  County,  N.  C,  but  there  is  a  kaolinized  dike 
150  feet  to  the  east  and  25  feet  above  the  exposure  of  the  fresh  peg- 
matite dike.  This  kaolin  seems  to  be  remarkably  pure  and  of  very 
fine  quality,  but  the  dike  contains  many  small  iron  garnets,  which 
would  make  the  mining  of  the  kaolin  somewhat  dijfficult.  The  dike 
strikes  N.  10®  E.  and  dips  80®  W.,  like  the  fresh  pegmatite  dike,  is 
5  to  10  feet  in  width,  and  seems  to  be  very  uniform  from  wall  to  wall. 
It  has  been  exposed  by  tunnel  along  the  strike  for  about  40  feet. 
This  tunnel  is  50  to  60  feet  below  the  crest  of  the  mountain. 

The  material  was  carefidly  sampled  and  washed  and  showed  a 
kaolin  content  of  44  per  cent.  The  kaolin  was  tested  and  found 
to  have  a  refractory  value  above  1,730®  C.  The  color  is  grade  2. 
The  shrinkage  when  dried  at  110®  C.  is  6.2  per  cent  and  when  fired 
at  1,350®  C.  is  13.8  per  cent.  The  tensile  strength  of  this  kaolin  dried 
at  110®  C.  is  24  pounds  per  square  inch. 

ProperHei  in  itandard  poreektm  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  C.  this  kaolin  gives  a  transLucency 
of  0.70  and  the  transmitted  light  is  cream  colored.  Absorption  is  5.8  per  cent.  Its 
color  is  grade  2.  Dried  at  110^  G.  its  shrinkage  is  2.6  per  cent,  and  fired  at  1,350^  C. 
is  13  per  cent.  Tested  under  the  raw-lead  and  fritted  glases  the  tint  of  this  mass  is 
very  pale  green,  equally  apparent  under  either  glase. 

FRANEUN.      SANDERS  PBOSPEOT. 

This  prospect  (24)  is  south  of  Lyle  Knob  and  5  miles  north  of 
Franklin,  Macon  County,  N.  C,  on  the  road  between  lotla  Bridge  on 
the  Little  Tennessee  River  and  the  Franldin-Dillsboro  road.  The 
kaolinized  portion  of  the  dike,  about  20  feet  wide,  strikes  N.  20^  W. 
and  follows  the  crest  of  a  low  ridge.  It  is  remarkable  in  that  it  is 
clearly  defined  by  quartz  bands  along  its  walls.  In  addition  to  the 
20  feet  of  kaolin  contained  in  this  dike  there  is  also  a  width  of  from 
8  to  15  feet  of  low-grade  pegmatite  material.  The  dike  is  opened  by 
a  tunnel  120  feet  long  and  was  sampled  at  the  face  of  this  timnel  where 
its  full  width  is  exposed.  The  sample  when  washed  yielded  29  per 
cent  kaolin. 
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The  refractory  value  of  this  kaolin  is  above  1,730®  C.  and  the  color 
]s grade  3.  The  shrinkage  when  dried  at  110®  C.  is  4.5  percent,  and 
when  fired  at  1,350®  C.  is  13.8  per  cent.  The  kaolin  has  a  tensile 
strength  of  14  pounds  per  square  inch. 

Properties  in  the  standard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  C.  the  kaolin  gives  a  traftalucency  of 
0.69  and  the  transmitted  light  is  cream  colored.  Absorption  is  5.3  per  cent.  The 
color  is  grade  3.  Dried  at  110^  G.  {he  shrinkage  is  3.4  per  cent,  and  fired  at  1,350^  C. 
the  shrinkage  is  13.5  per  cent.  Tested  under  the  fritted  and  raw-lead  glazes  it  shows 
a  pale-green  tint,  equally  apparent  imder  each  glaze. 

FRANKLIN.      SLOAN  PROSPECT. 

This  prospect  (25)  is  on  the  north  side  of  the  Little  Tennessee  Rireri 
4  miles  below  Franklin,  Macon  County,  N.  C.  The  dike  is  from  8  to 
10  feet  wide,  strikes  northeast,  and  dips  80**  NW.  It  is  exposed  by 
only  a  single  open-cut  50  feet  above  the  Little  Tennessee  River,  and 
a  proper  study  was  therefore  impossible.  The  cut  is  the  width  of  the 
dike  and  about  8  feet  into  the  face  of  the  hiU.  The  dike  is  completely 
kaolinized  but  contains  a  considerable  quantity  of  fine  quartz  and  a 
narrow  quartz  band  on  the  northwest  side  along  the  hanging  wall. 
There  is  much  stained  mica  along  the  foot  wall  which  would  demand 
careful  mining  if  to  be  eUminated. 

The  prospect  was  sampled.  The  sample  washed  by  the  standard 
laboratory  process  was  found  to  contain  about  30  per  cent  pure  kaolin. 
The  kaolin  was  tested  and  has  a  refractory  value  above  1,730®  C.  and 
the  color  is  grade  3.  The  shrinkage  when  dried  at  110**  C.  is  6.4  per 
cent,  and  when  fired  at  1,350**  C.  is  15.2  per  cent.  The  tensile  strength 
of  the  kaolin  dried  at  110®  C.  is  22  pounds  per  square  inch. 

Properties  in  standard  porceUdn  mixiure. 

This  kaolin  introduced  into  the  mixture  and  fired  at  1,350^  G.  gives  a  tranalucency 
of  0.69  and  the  transmitted  light  is  cream  colored.  Absorption  is  7.1  per  cent.  The 
color  is  grade  3.  Dried  at  110°  G.  the  shrinkage  is  3.2  per  cent,  and  fired  at  1,360^  G.  u 
12.3  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  the  tint  of  Ihis  maas  ia 
pale  green,  equally  apparent  under  each  glaze. 

FRANKLIN.      SMITH  PBOSPEOT. 

This  prospect  (15)  is  on  little  Tellico  Creek,  IJ  miles  southwest  of 
Tellico  Creek  and  12  miles  northwest  of  Franklin,  Macon  County,  N.  C. 

The  dike,  which  \a  completely  kaolinized,  is  exposed  by  a  40-foot 
tunnel  and  by  an  open  pit  on  a  hillside  75  feet  above  Little  TelUco 
Creek.  The  dike  is  nearly  200  feet  wide  but  several  broad  horses  of 
wall  rock  reduce  the  actual  width  of  pegmatite  material  to  about  50 
feet.  The  dike  has  a  general  northeast  strike  and  dips  80^  W.  where 
exposed.  The  pegmatite  is  reasonably  free  from  foreign  matter,  the 
associated  minerals  being  muscovite  and  quartz. 
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This  material  was  sampled.  On  washing  it  yielded  39  per  cent 
kaolin.    This  kaolin  has  the  following  chemical  analysis: 

Composition  of  kaolin, 

HjO 12.55 

SiOj 48.06 

AlaO, 37.09 

FejO, 31 

TiOj Trace. 

CaO Trace. 

MgO Trace. 

NaaO 02 

Kfi 91 

99.53 

The  shrinkage  of  this  kaolin  in  drying  at  110**  C.  is  6.8  per  cent,  and 
when  fired  at  1,350**  C.  is  12  per  cent.  Its  tensile  strength  dried  at 
110*^  C.  is  20.5  pounds  per  square  inch.  Its  color  is  grade  4,  and  the 
refractory  value  is  1,670°  C. 

Propertiea  in  ttandcard  porcelain  mixture. 

In  this  mixture  the  kaolin  showed  a  shrinkage  dried  at  110**  of  3.2  per  cent,  fired  at 
1,350^  of  12.4  per  cent.  The  translucency  at  1,350"*  C.  is  0.71  and  the  transmitted 
light  is  cream  colored.  Ahsorption  at  1,350°  C.  is  4  per  cent.  Color  at  1,350°  is 
grade  4.    Tested  under  the  raw4ead  and  fritted  glazes  the  color  remains  unaltered. 

FRANKLIN.      SOITTHEBN   CLAY  CO.   BONES. 

These  mines  (38  and  35,  41,  39)  are  on  one  of  the  foothills  of 
Tremont  Mountain,  1  mile  northwest  of  Franklin,  Macon  County, 
N.  C,  and  one-half  mile  north  of  the  Franklin-Andrews  road.  They 
have  been  worked  out  since  the  preparation  of  this  report  began, 
but  the  deposit  and  the  method  of  nriiniTig  are  of  especial  interest 
and  are  therefore  described.  The  main  workings  (41)  showed  a 
well-defined  kaolinized  pegmatite  dike,  16  to  20  feet  wide,  that  has 
a  broad  band  of  sugar  quartz  along  the  north  wall  and  another  quartz 
band  about  midway  in  the  dike.  The  wall  rock  is  gneiss  and  the 
contact  between  the  dike  and  the  gneiss  is  very  sharp,  the  stain  from 
the  decomposed  gneiss  rarely  penetrating  the  dike  more  than  1  inch. 
This  dike  strikes  almost  due  east  and  dips  70^  S. 

The  kaolinized  pegmatite  contains  as  impurities  small  pockets  of 
garnet  sand  and  isolated  patches  of  weathered  biotite  that  are  sur- 
rounded by  a  garnet-colored  claylike  material.  This  sand  seems  to 
have  no  tendency  to  stain  adjacent  material,  but  the  weathering  of 
the  biotite  invariably  causes  a  stain  for  3  or  4  inches  in  every  direc- 
tion. Very  little  sheet  mica  is  found,  but  lai^e  quantities  of  first- 
class  punch  mica  in  plates  from  three-fourths  inch  to  2  inches  wide 
have  been  removed  and  rejected  with  other  refuse. 

The  mining  of  this  dike  was  very  expensive  because  shafts  alone 
were  used,  no  material  being  removed  by  open-cut  work. 
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The  overburden  varies  from  5  to  25  feet.  The  thick  quartz  bands 
in  the  hanging  wall  and  in  the  middle  of  the  dike  also  added  much 
to  the  cost  of  miningi  as  their  removal  was  absolutely  imperative  in 
sinking  vertical  shafts.  These  shafts  were  invariably  sunk  directly 
into  the  dike,  and  because  of  the  dip  they  passed  through  it  and 
into  the  foot  wall,  so  that  it  was  necessary  to  remove  big  masses  of 
quartz,  sink  into  the  foot  wall,  and  then  run  a  crosscut  from  the 
bottom  of  a  shaft  in  order  to  reach  the  kaolin. 

The  deposit  for  a  depth  of  25  feet  into  the  dike  shows  a  high  grade 
of  kaolin  of  fair  plasticity.  At  about  this  depth  irregular  lenses 
of  semikaolinized  feldspar  in  the  form  of  very  fine  sand  were  encoun- 
tered in  some  of  the  shafts.  Below  this  level  much  very  fine  kaolin 
is  found,  and  to  a  depth  of  about  80  feet  the  kaolin  content  of  the 
dike  is  in  excess  of  what  would  be  expected  from  the  kaolinization  of 
average  pegmatite,  and  approaches  very  closely  the  theoretical 
maximum  from  the  decomposition  of  feldspar.  Below  the  80-foot 
level  the  dike  material  soon  changes  to  semikaolinized  feldspar 
with  isolated  patches  of  plastic  kaolin,  and  below  the  100-foot  level 
plastic  kaolin  is  rarely  found,  but  the  material  is  a  rich  kaolinized 
feldspar  containing  very  little  quartz  and  is  remarkably  high  grade  as 
regards  color.  At  this  100-foot  level  well-defined  and  practically  fresh 
crystals  of  orthoclase  are  found  embedded  in  the  slightly  kaolinized 
material. 

This  deposit  is  reasonably  uniform  for  about  120  feet,  but  dis- 
appears almost  completely  on  the  east  slope  of  the  hill.  Another 
dike  which  was  supposed  to  promise  considerable  quantities  of 
kaolin  lies  parallel  to  this  dike  and  30  yards  south  of  it.  This  dike 
was  explored  by  pits.  The  surface  material  proved  to  be  stained, 
but  as  the  high-grade  material  of  the  main  dike  was  also  stained  near 
the  surface  the  owners  believed  that  the  small  dike  would  likewise 
improve  in  quality  with  depth.  This,  however,  failed  to  be  the  case, 
and  all  the  dike  material  was  rejected  as  unmarketable. 

On  an  isolated  knoll  one-eighth  mile  northeast  of  the  small  dike 
just  described  another  well-defined  dike  was  exposed  by  a  shaft, 
but  it  proved  merely  an  expanded  lens  and  yielded  kaolin  in  com- 
mercial quantities  for  only  about  50  feet.  Its  maximum  width  was 
about  15  feet.  Numerous  other  small  dikes  are  on  this  property,  but 
they  were  found  to  be  too  narrow  to  be  profitably  worked  by  shafts. 

Mining  was  by  circular  shaft  in  the  ordinary  manner  of  this  dis- 
trict, electric  hoists  being  used  to  remove  rock  and  kaolin  from  the 
lower  levels. 

Below  about  45  feet  the  inflow  of  water  caused  great  annoyance 
to  the  miners,  and  at  60  feet  the  removal  of  the  water  became  a  con- 
siderable problem.  At  lower  levels  the  flow  continued  to  increase 
until  at  100  feet  at  least  50  per  cent  of  the  total  time  of  operation  was 

a0421^— BuU.  53—13 ^10 
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spent  in  removing  the  water,  which  was  hoisted  in  barrels  with  bands 
and  braces  like  the  half  barrels  generally  used  to  remove  the  dike 
material.  The  flow  of  water  at  times  became  so  great  that  an  extra 
crew  of  men  had  to  be  employed  to  enable  the  kaolin  miners  to  work. 
Removal  of  this  water  in  any  other  way  than  by  bailing  was  never 
attempted;  and  it  is  not  known  whether  this  deposit  could  have  been 
drained  by  tunneling,  a  method  that  has  proved  so  successful  in 
draining  other  deposits  in  this  district. 

The  dike  material  was  conveyed  to  the  washing  plant  by  flumes, 
the  water  for  which  was  pumped  from  the  valley  below  with  a  3-cyl- 
inder  pump.  The  larger  proportion  of  semikaoUnized  material  found 
at  the  lower  levels  of  these  shafts  necessitated  putting  in  screens  to 
remove  the  large  lumps  of  hard  material  which  constantly  closed  the 
flume  and  caused  it  to  overflow.  At  the  washing  plant  the  material 
passed  through  two  batteries,  consisting  of  one  washer  and  one  sand 
wheel  each;  the  refuse  from  the  first  sand  wheel  went  into  the  second 
washer,  but  the  kaolin  from  the  first  sand  wheel  went  directly  to  the 
second  sand  wheel  and  not  through  the  second  washer.  The  material 
from  this  washing  process  passed  into  a  shallow  sand-settling  tank 
6  by  6  by  H  ^^t  deep.  The  outlet  of  this  settling  tank  is  at  an  angle 
of  45  degrees  with  the  intake,  thus  giving  the  sand  a  better  opportunity 
to  settle.  From  this  settling  tank  the  kaolin-bearing  material  was 
conveyed  by  troughs  to  a  rotary  screen,  where  the  greater  proportion 
of  the  fine  mica  was  removed.  The  finest  material  passed  through  12 
mica-setUing  troughs,  each  40  feet  in  length,  making  the  total  length 
480  feet,  before  it  reached  the  140-mesh  screen  which  this  company 
uses.  Numerous  screens  were  tested  by  this  company,  and  the  revolv- 
ing screen  was  found  to  be  the  most  efficient  and  economical  for  its 
work. 

The  kaolin  passing  through  the  screen  ran  into  a  trough  that  con- 
tained a  battery  of  electromagnets  for  the  removal  of  any  iron  that 
may  have  been  taken  up  by  contact  with  the  machinery  in  the  washing 
process.  From  these  magnets  the  material  passed  over  a  bed  of  alum 
which  aided  the  settling  of  the  clay  slip  and  simplified  the  removal  of 
the  excess  water.  The  material  then  passed  to  the  settling  tanks 
where  the  excess  water  was  removed.  From  the  settling  tanks  the 
material  was  pumped  into  a  cistern  that  was  constantly  agitated, 
and  from  this  the  slip  was  pumped  to  the  filter  presses,  where  most 
of  the  kaolin  was  removed.  The  pressed  kaolin  from  the  filter  presses 
was  loaded  on  rack  cars,  which  were  run  into  a  tunnel  drier  heated  by 
hot  air  obtained  by  forcing  air  through  steam  coils  with  fans.  The 
floor  of  the  drier  has  a  slight  grade,  sufficient  to  cause  the  cars  to 
move  forward  when  the  car  next  the  outlet  is  removed.  The  kaolin 
from  the  drier  was  carried  by  an  elevator  and  conveyer  to  stock  bins 
adjoining  the  drier,  and  from  these  bins  the  material  was  loaded  into 
wagons  and  hauled  1  mile  to  the  railroad. 
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The  material  produced  by  the  principal  dike  worked  on  this  prop- 
erty was  sampled  and  was  subsequently  washed  by  the  standard 
laboratory  process.  It  yielded  40  per  cent  of  kaolin.  The  material 
was  selected  with  care  and  has  been  accepted  as  the  standard  of  color 
Taiue  in  the  classification  of  kaolins  in  this  district.  The  analysis 
of  the  material  is  given  on  page  45,  under  the  color  classification  of 
the  kaolin.  Its  refractory  value  is  above  1,730^  C,  and  its  color  is 
grade  1.  Dried  at  110®  C.  it  shrinks  4  per  cent,  and  fired  at  1,350®  C. 
it  shrinks  11  per  cent.    The  tensile  strength  is  25  pounds  per  square 

incL 

Properties  in  the  etandard  porcelain  mixtture, 

• 

In  the  mixture  and  fired  at  1,350^  C.  thu  kaolin  has  a  tranducency  of  0.93  and  the 
truumitted  light  is  white.  Absorption  is  7  per  cent.  The  color  is  grade  1.  The 
shrinkage  when  dried  at  1,350^  G.  ia  3.4  per  cent,  and  when  fired  at  1,350®  G.  is  9.9 
per  cent.    Tested  under  the  raw-lead  and  fritted  glazes  the  color  remains  unaltered. 

FBANKLIN.      WEST  PROSPECT. 

This  prospect  (19)  is  one-half  mile  southeast  of  West  Mills  and 
1  mile  north  of  the  Pranklin-West  Mills  road,  8  miles  north  of 
FranUin,  Macon  County,  N.  C,  on  the  Little  Tennessee  River. 

The  dike  is  approximately  25  feet  wide,  strikes  west,  and  dips 
80®  S.  Two  tunnels  run  40  feet  into  the  hill,  one  25  feet  below 
the  crest  of  the  hill  and  the  other  20  feet  below  the  first.  A  large 
part  of  this  dike  is  not  completely  kaolinized  and  carries  considerable 
quartz.  Numerous  small  streak  of  stained  material  similar  to  the 
decomposed  country  rock  run  through  the  deposit  at  various  angles. 
The  tunnels  in  the  West  prospect  are  on  the  east  slope  of  the  ridge. 
On  the  opposite  slope  in  the  Brjrson  prospect  a  tunnel  120  feet  long 
and  75  feet  below  the  crest  of  the  hill  cuts  material  which  is  un- 
doubtedly a  part  of  the  same  dike,  but  which  strikes  northwest. 
Its  dip  is  practically  perpendicular.  The  kaolin  exposed  in  this 
tunnel  is  remarkably  clean  and  free  from  impurities. 

The  kaolin  exposed  on  the  West  prospect  was  carefully  sampled 
and  washed,  yielding  29  per  cent  kaolin.  This  kaolin  was  analyzed 
and  showed  the  foUowing  chemical  composition: 

Competition  of  kaolin, 

H,0 12.70 

SiOa 48.92 

AljO, 36.37 

Fe,0, 37 

TiO, 02 

CaO Trace. 

MgO Trace. 

Na/) 11 

K,0 29 

98.79 
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This  kaolin  has  a  refractory  value  of  1,730®  C.  Its  color  when 
fired  to  1,350®  C.  is  grade  3.  Its  shrinkage  on  drying  at  110®  is 
7  per  cent,  and  the  total  shrinkage  at  1,350®  C,  18  per  cent.  When 
dried  at  110®  this  kaolin  has  a  tensile  strength  of  24  pounds  per 
square  inch. 

Properties  tn  standard  porcelain  mixture. 

In  the  mixture  fired  at  1,350^  C.  this  kaolin  has  a  tnumlucency  of  0.66  and  the 
transmitted  light  ia  cream  colored.  Absorption  is  4.3  per  cent.  The  color  is  grade  3. 
The  shrinkage  when  dried  at  110''  is  3.6  per  cent  and  fired  at  l^SSO"*  G.  is  14.2  per 
cent.  When  tested  under  the  fritted  and  raw-lead  glazes  this  kaolin  shows  a  pale- 
green  tint,  equally  apparent  under  either  glaze. 

LINCOLNTON.      PIEDMONT  TIN   MINING   CO.   MINES. 

These  mines  are  2\  miles  southeast  of  Lincolnton,  Lincoln  County, 
N.  C.  There  are  four  distinct  dikes  of  more  or  less  kaolinized  pegmatite. 
These  dikes,  which  strike  N.  20®  E.,  contain  numerous  narrow  bands 
of  yellow  sand  and  of  gold-colored  clay.  One  dike  known  as  the 
''Jake  vein''  is  fairly  free  from  stain  and  possibly  contains  some 
good  commercial  kaolin.  These  mines  have  been  worked  entirely 
by  tunnels,  and  the  dikes  have  been  thoroughly  prospected  in  the 
same  way.  The  water  encoimtered  is  diverted  to  a  central  point, 
collected  in  a  pit,  and  pumped  to  the  surface;  in  this  way  the  entire 
dike  is  drained.  The  degree  of  kaolinization  of  these  dikes  seems  to 
increase  toward  the  southwest  end,  and  even  through  the  dikes 
carrying  considerable  stained  material  it  is  likely  that  kaolin  pro- 
duction could  be  made  profitable  inasmuch  as  this  kaolin  is  a  by- 
product in  mining  cassiterite. 

Material  from  the  ''Jake  vein"  was  sampled  and  washed.  It 
sho¥^  a  kaolin  content  of  26  per  cent.  The  washed  product  has  a 
chemical  composition  as  follows: 

Composition  of  kaolin . 

HjO 12.00 

SiOa 48.50 

AljO, 37.35 

FejO, 85 

TiOj Trace. 

CaO Trace. 

MgO Trace. 

NajO 32 

KaO L02 

100.04 

This  kaolin  has  a  refractory  value  of  1,710®  C.  Its  color  is  grade  5. 
Its  shrinkage  is  4.4  per  cent  when  dried  at  110®  C,  and  fired  at 
1,350®  C.  8.1  per  cent.  The  tensile  strength  when  dried  at  110®  is 
16.5  poimds  per  square  inch. 
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Properties  in  standard  porcelain  mixture. 

When  introduced  into  the  mixture  fired  at  1,350^  C.  this  kaolin  gi\e8  a  translucency 
of  0.78  and  the  transmitted  light  is  yellow.  Absorption  is  3.5  per  cent.  The  color  is 
gnde  5.  When  dried  at  110^  this  mass  shrinks  2.2  per  cent.,  at  1,350^  13  per  cent. 
Tested  under  the  fritted  and  raw-lead  glazes  the  tint  is  unaltered. 

MIOAVILLE.      THOMAS  PROSPECT. 

This  prospect  (73)  is  1  mile  north  of  MicaviUe;  Yancey  County, 
N.  C.f  which  is  the  nearest  shipping  point.  The  pegmatite  dike 
is  on  a  very  narrow  ridge  and  exposed  in  such  a  manner  that  its 
width  can  not  he  determined  from  present  openings.  It  strikes  N. 
45®  E.  A  tunnel  3  feet  wide  has  been  driven  directly  on  the  strike 
and  a  small  shaft  40  feet  deep  has  been  sunk  at  the  end  of  this  tunnel. 
In  both  good  kaoUn  is  exposed.  At  a  short  distance  to  the  northeast, 
on  a  ridge  to  which  tliis  dike  is  supposed  to  extend,  the  material  is  of 
good  color  but  contains  a  proportion  of  sand.  This  high  sand  con- 
tent is  observed  in  the  shallow  pit  which  exposes  the  dike  at  the  ri(%e. 
Various  test  holes  have  been  dug  on  this  property,  but  it  is  not 
possible  to  state  accurately  the  width  of  any  of  the  dikes  exposed. 

MICAVILLE.      WILSON   PROSPECT. 

This  prospect  (78)  is  one-half  mile  southeast  of  Micaville,  Yancey 
County,  N.  C.  The  dike  follows  the  south  and  east  face  of  a  ridge 
and  varies  in  width  from  30  to  100  feet.  It  also  appears  on  the  west 
sbpe  of  the  ridge  in  several  tunnels  (77).  The  pegmatite  seems 
to  be  well  kaolinized,  but  contains  many  narrow  bands  of  yellow 
sand  and  clay  which,  however,  can  doubtless  be  removed  without 
serious  injury  to  the  dike  material.  This  prospect  has  been  proven 
for  about  700  feet  by  numerous  shafts  and  tunnels  and  appears  to  be 
of  uniform  quality  wherever  exposed. 

A  tunnel  midway  between  the  limits  of  this  dike  was  carefully 
sampled.  The  sample  when  washed  jrielded  28  per  cent  of  kaolin. 
This  kaolin  has  a  refractory  value  above  1,730**  C.  and  its  color  is 
grade  2.  Dried  at  1  lO'^  C.  it  shrinks  4.2  per  cent  and  fired  at  1 ,350''  C. 
it  shrinks  13.2  per  cent.  It  has  a  tensile  strength  of  24  pounds  per 
square  inch. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  and  fired  at  1,350°  G.  this  kaolin  gives  a  translucency  of  0.72  and  the 
tenflmitted  light  is  cream  colored.  Absorption  is  4.3  per  cent.  The  color  is  grade  2. 
The  shrinkage  dried  at  llO""  G.  is  3.2  per  cent  and  fired  at  1,350''  G.  13.6  per  cent. 
Tested  under  the  fritted  and  raw-lead  glazes  this  kaolin  shows  a  very  pale-green  tint, 
equally  apparent  under  each  glaze. 

PENLAND.      HASBIS   OLAY   GO.  PENLANB  MINE. 

This  mine  (98)  is  on  the  north  side  of  North  Toe  River,  on  a  high 
lidge  having  a  general  north  trend,  and  is  one-fourth  mile  east  of 
Penland,  Mitchell  County,  N.  C; 
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The  deposit  is  la  the  form  of  an  expanded  lens  120  to  160  feet  wide. 
It  strikes  N.  25^  E.  The  pegmatite  is  very  fine  grained  and  has  a 
texture  not  unlike  granite,  tlie  kaolinization  of  a  considerable  part  of 
the  dike  not  being  sufficient  to  destroy  the  texture  of  the  original 
rock.  The  southeast  wall  is  well  defined,  but  the  northwest  wall  is 
hardly  distinguishable,  as  the  dike  material  on  that  side  grades  grad- 
ually into  a  hard,  granitelike  rock  producing  little  or  no  kaolin. 
The  west  part  of  the  dike  contains  numerous  irregular  streaks  of  iron- 
stained  material.  The  mine  has  been  opened  for  about  400  feet  along 
the  strike  and  for  a  depth  of  about  50  feet,  below  which  the  kaolin 
yield  is  too  small  to  justify  mining.  About  50  yards  beyond  the 
southeast  wall  of  this  deposit  a  dike  approximately  10  feet  in  width  and 
very  rich  in  kaolin  has  been  exposed,  but  has  never  been  developed. 

The  dike  now  being  worked  was  sampled.  Washed  by  the  standard 
laboratory  process  the  sample  yielded  22  per  cent  of  kaolin.  This 
kaolin  has  a  refractory  value  of  1,730®  C.  Fired  at  1,350®  C.  its  color 
is  grade  4.  Its  shrinkage  when  dried  at  110®  C.  is  3.4  per  cent,  and 
when  fired  at  1,350®  C.  is  11.6  per  cent.  The  tensile  strength  of  the 
kaolin  dried  at  110®  C.  is  12  pounds  per  square  inch. 

Properties  in  ttandard  porcelain  mixture. 

Tliis  kaolin  introduced  in  the  mixture  and  fired  at  1»350^  C.  haa  a  tranfllucency  of 
0.62.  The  transmitted  light  is  cream  colored.  Absorption  is  5  per  cent  and  color  is 
grade  4.  Dried  at  110^  G.  this  mass  shrinks  3.2  per  cent,  and  when  fired  at  1,350°  G. 
shrinks  13  per  cent.  Tested  under  the  raw-lead  and  fritted  glasee  the  color  of  this 
mixture  becomes  a  pale  green,  equally  apparent  under  each  glaze. 

BUTHERFORDTON.      ISINGLASS  HELL  MICA  MINE. 

This  mine  is  3  miles  north  o£  Rutherfordton  in  Rutherford  County, 
N.  C,  on  the  Southern  Railway.  There  is  no  railroad  switch  or 
station  nearer  than  Rutherfordton.  This  dike  varies  from  6  to  50 
feet  wide  and  is  proven  for  one-fourth  mile  along  the  crest  of  a  low 
ridge.  It  strikes  N.  20*"  E.  and  dips  80**  W.  The  dike  rock  is  peg- 
matite in  various  stages  of  kaolinization.  The  material  adjoining 
the  west  wall  is  generally  more  thoroughly  kaolinized  than  that  in 
the  eastern  part,  the  dike  being  divided  in  the  middle  by  a  band  of 
sugar  quartz  from  1  to  3  feet  wide.  The  kaolinized  pegmatite  con- 
tains but  little  fine  quartz,  but  this  is  smoky  quartz  in  sharp  elongated 
particles.  In  various  parts  of  the  weathered  dike  are  nodules  of 
asbolite,  but  little  or  none  is  found  in  the  band  of  sugar  quartz. 
This  mine  has  been  opened  to  a  depth  of  only  about  20  feet  by  both 
shafts  and  timnels,  the  dike  structure  remaining  very  uniformly  as 
above  described. 

The  kaolinized  half  of  the  dike  was  sampled  and  by  the  laboratory 
washing  process  yielded  42  per  cent  of  kaolin,  which  has  a  refractory 
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value  of  1,730*'  C.  The  color  of  this  washed  kaolin  is  grade  5.  When 
dried  at  110^  it  has  a  shrinkage  of  2.8  per  cent,  and  when  fired  at 
1,350®  C,  11.3  per  cent.  The  tensile  strength  when  dried  at  110®  is 
8  pounds  per  square  inch. 

Properties  in  eUmdard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  C.  this  kaolin  shows  a  translucency 
of  0.64  and  the  transmitted  light  is  cream  colored.  Absorption  is  8.8  per  cent.  The 
color  of  the  mass  when  fired  is  grade  3,  as  compared  with  grade  5  for  this  kaolin  burned 
alone.  When  dried  at  110^  the  mass  shrinks  2.2  per  cent,  and  when  fired  at  1,350^ 
C.  it  shrinks  12.4  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  the  color 
ifl  unaltered. 

SHELBY.      TOM  BAXTER  MICA  MINE. 

This  mine  is  in  Lincohi  County,  N.  C,  12  miles  northeast  of  Shelby 
and  3  miles  southeast  of  Fallston  on  the  Fallston-Lincolnton  road. 
The  nearest  shipping  point  is  Waco,  4  miles  distant. 

The  mine  has  not  been  worked  for  several  years  and  the  exposure 
conveys  little  information  as  to  the  extent  of  the  dike.  The  area  in 
which  shafts  have  been  sunk  is  about  40  feet  long,  although  there  are 
indications  of  a  continuation  of  the  dike  in  the  adjoining  fields  for 
100  feet  or  more  in  both  directions.  The  width  of  the  dike  is  reported 
to  be  almost  100  feet.  The  general  direction  of  the  strike  is  N.  50^  to 
70°  E.  Only  at  one  point  was  it  possible  to  observe  the  kaolin  in 
place,  but  the  dumps  from  the  mica  workings  carry  considerable  very 
fine  kaolin,  indicating  that  there  must  be  some  in  the  deposit.  Work- 
men who  were  employed  in  mining  mica  state  that  at  about  30  feet 
they  found  kaolin  practically  free  from  quartz  and  in  one  shaft 
reached  a  depth  of  47  feet,  but  the  dike  material  was  so  soft  and 
caved  so  badly  that  the  mine  was  abandoned.  Water  was  struck 
at  about  35  feet,  and  the  difficulty  of  removing  it  with  the  crude 
facilities  provided  also  discouraged  the  attempt  to  mine  mica. 

The  one  point  at  which  the  dike  is  exposed  was  carefully  sampled. 
Washed  by  the  laboratory  washing  process  the  sample  yielded  49 
per  cent  of  kaolin,  which  has  a  refractory  value  above  1,730®  C. 
and  a  color  of  grade  2.  This  kaolin  dried  at  110®  shrinks  4.4  per 
cent  and  fired  at  1,350®  C.  it  shrinks  12.2  per  cent.  Its  tensile 
strength  when  dried  at  110®  C.  is  8  poimds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

Introduced  into  the  mixture  and  fired  at  1,350^  C.  this  kaolin  shows  a  translucency 
of  0.73  and  the  transmitted  light  is  cream  colored.  Absorption  is  8.1  per  cent.  The 
color  of  the  mass  is  grade  2.  The  shrinkage  is  1.6  i>er  cent  when  dried  at  110^  G. 
and  10.8  per  cent  when  fired  at  1,350^  C.  Tested  under  the  raw-lead  and  fritted 
g!as68  this  mass  is  unaffected  in  tint. 
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SHELBY.      OBEEN  MICA  MINE. 

This  mine  is  7  miles  northwest  of  Shelby,  Clevdand  County,  N.  C. 
It  was  worked  for  mica  about  1870  and  again  worked  in  a  small  way 
a  few  years  later.  The  openings  were  all  shafts;  these  are  now  com- 
pletely caved,  making  satisfactory  sampling  impossible.  The  dike, 
as  nearly  as  could  be  determined,  is  about  12  feet  thick  with  numer- 
ous stringers  running  nearly  parallel.  The  strike  is  about  N.  70®  E. 
and  the  dip  approximately  75*^  W.  Bands  of  sugar  quartz  from  2  to  4 
feet  thick  occur  along  the  hanging  wall.  In  places  the  dike  material 
is  almost  completely  kaolinized,  and  it  is  reported  in  the  neighbor- 
hood that  much  excellent  kaolin  was  exposed  in  the  shafts.  The 
present  exposures,  however,  are  so  small  and  so  badly  stained  from 
infiltration  of  surface  water  that  an  estimate  of  the  quality  or  quan- 
tity of  kaolin  available  is  not  attempted. 

SPBUCEPINE.      HASBIS   OLAT  CO.   SPBUGEPIKE  MINE. 

This  mine  (96)  is  2i  miles  north  of  Sprucepine,  Mitchell  County, 
N.  C,  and  on  the  east  side  of  Beaver  Creek. 

The  vast  lens  or  thick  dike  of  kaolinized  pegmatite  has  an  irregular 
structure.  Its  general  trend  is  northwest.  Where  worked  the  dike  is 
about  120  feet  wide  but  the  northeast  partfor  a  widthof  50  to  70  feet 
is  much  richer  in  kaolin  than  the  southwest.  An  additional  stringer 
has  been  located  25  feet  east  of  the  lens  since  the  study  of  this  deposit 
began,  having  a  width  of  about  20  feet  and  a  general  direction  north. 
The  material  in  this  small  lens  or  stringer  is  similar  in  every  way  to 
that  of  the  eastern  part  of  the  mine.  The  pegmatite  of  the  dike  is 
well  kaolinized,  but  its  quartz  content  is  very  high.  The  mine  has 
been  worked  by  open  cut  to  a  depth  of  about  20  feet  and  by  shaft  to 
an  additional  depth  of  55  feet,  below  which  the  kaolinization  of  the 
pegmatite  has  not  advanced  far  enough  to  make  mining  profitable. 
The  dike  material  is  removed  from  the  shafts  by  steam  hoists  and 
piled  in  heaps  at  the  level  of  the  open-cut.  From  this  point  it  is 
shoveled  into  a  flume,  the  water  for  which  comes  from  a  small  moun- 
tain stream  above  the  mine,  and  is  flushed  one-fourth  mile  to  the 
washing  plant.  This  plant  has  two  batteries,  each  consisting  of  a 
washer  and  sand  wheel,  and  from  them  the  material  passes  to  a  sand 
trough  and  thence  to  the  mica-settUng  trough.  From  the  latter  the 
clay  slip  passes  through  100-mesh  screens  into  a  flume  which  carries  it 
2^  miles  to  the  railroad,  where  the  settling  and  drying  plant  is  located. 
Here  the  slip  is  passed  over  a  second  battery  of  screens  to  remove 
any  material  caught  in  transit  and  goes  to  the  settling  tanks  through 
a  trough  in  which  are  suspended  bags  containing  aliun  to  aid  con- 
centration. From  the  settling  tanks  the  concentrated  material  is 
removed  to  agitators  and  pmnped  into  filter  presses,  of  which  this 
plant  has  two. 
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The  kaolin  from  the  filter  presses  goes  to  either  the  open-air  or  the 
steam  drier.  The  latter  is  a  long  building  having  a  floor  covered 
with  steam  pipes  on  which  the  pressed  kaolin  is  piled  directly.  The 
steam  pipes  are  closed  at  one  end,  whereas  in  most  of  the  steam  dry- 
ing plajits  throughout  this  district  the  pipes  are  open  at  one  end  and 
the  steam  is  allowed  to  escape  into  the  air. 

The  open-air  drier  is  unique  in  that  it  has  a  removable  roof.  The 
kaolin  is  piled  on  a  simple  system  of  racks,  but  the  roof,  which  is  of 
the  ridge  type,  is  constructed  independently  of  the  framework  of  the 
building,  and  rests  on  a  track.  When  the  weather  is  favorable  it  can 
be  rolled  off  entirely,  allowing  the  sun  to  shine  directly  on  the  drying 
material. 

The  washing  removes  a  large  proportion  of  fine  white  mica,  the 
yield  of  this  material  being  estimated  as  8  to  12  per  cent  of  the  kaolin 
produced.  From  30  to  40  per  cent  of  the  mica  separated  is  finer  than 
100  mesh  and  should  be  directly  marketable  as  pulverized  mica. 

The  deposit  was  sampled  as  well  as  possible  to  obtain  an  average 
of  the  entire  area  exposed;  it  yielded  24  per  cent  of  washed  kaolin. 

This  kaolin  was  analyzed  and  found  to  have  the  following  chemical 

composition: 

CofiMMilion  of  haolin, 
HjO 14.80 

SiOa 46.20 

AlaO, 38. 46 

F^A 45 

TiO, Trace. 

CaO Trace. 

MgO Trace. 

Na^O :00 

KaO 66 

99.65 

The  refractory  value  of  this  kaolin  is  above  1,730®  C.  and  the  color 
grade  3.  The  shrinkage  of  the  kaolin  dried  at  110®  C.  is  4  per  cent 
and  fired  at  1,350®  C.  is  12.6  per  cent.  The  tensile  strength  is  8 
pounds  per  square  inch. 

Propertus  in  standard  porcelain  mixture. 

In  the  mixtare  fired  at  1,350^  C.  the  tranalucency  is  0.67  and  the  tzanamitted  light 
is  cream  colored.  Absorption  is  4.2  per  cent.  The  color  is  grade  3;  the  shrinkage 
ia  3.8  per  cent  when  dried  at  llO""  C.  and  12.6  per  cent  fired  at  l^SdO""  C.  Tested 
under  the  raw-lead  and  fritted  glazes  the  kaolin  showed  a  very  pale  green  tint, 
equally  apparent  under  both  glazes. 

SPBUOEPIKE.      OLLI8  PBOSPBCT. 

This  prospect  (105)  is  6  miles  northeast  of  Sprucepine,  Mitchell 
County,  N.  C,  and  1  nule  east  of  the  Sprucepine-Plumtree  road. 
There  is  a  pegmatite  dike  exposed  as  a  broad  lens  along  a  ridge  proven 
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for  a  length  of  250  yards  and  in  places  for  a  width  of  100  feet.  The 
strike  is  west,  the  dip  80^  S.  This  dike  is  exposed  by  numerous  shafts 
and  tunnels  and  was  carefully  sampled  and  washed  by  the  laboratory 
washing  process,  yielding  36  per  cent  of  kaolin. 

The  kaolin  content  has  a  refractory  value  above  1,730^  C.  Its 
color  is  grade  5.  Its  shrinkage  when  dried  at  110^  is  4.6  per  cent 
and  fired  at  1,350^  is  9.6  per  cent.  The  tensile  strength  of  the  kaolin 
dried  at  110^  is  17  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

Tested  in  the  mixture  and  fired  at  1,350®  G.  this  kaolin  has  a  translucency  of  0.68 
and  the  transmitted  light  is  yellow.  Absorption  is  3.6  per  cent.  The  color  is  grade  5. 
The  shrinkage  at  110®  is  3.6  per  cent  and  at  1,360®  G.  12.2  per  cent.  Tested  under  the 
fritted  and  raw-lead  glazes  the  tint  of  the  mass  is  unaltered. 

SPRUCEPINE.      TOIXET  MICA  MINE. 

This  mine  (99)  is  1  mile  southwest  of  Sprucepine,  Mitchell  County, 
N,  C,  on  the  Sprucepine-Bumsville  road.  The  dike  is  exposed  to  a 
width  of  about  25  feet  and  from  surface  indications  is  approximately 
10  feet  wider.  The  material  in  the  dike  seems  to  be  very  uniform, 
no  bands  of  wall  rock  being  noted.  Numerous  stringers  from  this 
dike  are  exposed  where  it  crosses  the  road  50  yards  distant.  This  dike 
has  been  proven  for  300  feet  and  is  opened  by  a  shaft  claimed  to  have 
been  originally  45  feet  but  now  only  20  feet  deep,  and  by  a  drift 
from  this  shaft  at  the  20-foot  level.  The  drift  runs  25  feet  north, 
then  turns  and  extends  7  feet  to  the  west.  The  dike  material  in  this 
dike  seemB  very  white  but  very  sandy.  The  sample  collected,  when 
washed  by  the  laboratory  process,  yielded  30  per  cent  kaolin. 

This  has  a  chemical  composition  as  follows: 

Composition  of  kaolin. 

HjO 14.00 

SiOj 46.35 

ALA 38.80 

FejOs 25 

TiOj Trace. 

CaO Trace. 

MgO ". Trace. 

BaO 03 

NajO Trace. 

K3O 41 

99.84 

This  kaolin  has  a  refractory  value  above  1,730°  C.  Its  color  is 
grade  2.  Dried  at  110°  C.  it  has  a  shrinkage  of  5.4  per  cent  and 
fired  at  1,350°  C.  shrinks  10.9  per  cent.  Dried  at  110°  C.  the  kaolin 
has  a  tensile  strength  of  8  pounds  per  square  inch. 
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Praperiie$  in  standard  porcelain  mixture. 

This  kaolin  intzoduced  into  the  mixture  and  fired  at  1,350^  G.  has  a  tranHlucency 
of  0.71  and  the  transmitted  light  is  cream  colored.  Absorption  ia  7.3  per  cent.  Ita 
color  IB  giade  2.  The  maae  when  dried  at  110^  C.  has  a  shrinkage  of  3.4  per  cent  and 
when  fired  at  1,350^  G.  14  per  cent.  Tested  under  the  fritted  and  raw-lead  glazes 
this  mass  acquires  a  very  pale  green  tint,  equally  apparent  under  each  glaze. 

8PBU0EPINE.      WISEMAN  PBOSPECT. 

This  prospect  (104)  ^  on  Fort  Creek,  a  branch  of  Three-Mile  Creek, 
3  miles  north  of  Ingalls  post  office  and  8  miles  north  of  Sprucepine, 
Mitchell  County,  N.  C, 

The  dike  is  ruptured  by  numerous  intrusions,  which  at  some  points 
are  stringers  only  a  few  feet  wide;  at  others,  form  a  single  dike  about 
20  feet  wide.  The  dike  strikes  N.  40^  E.  It  varies  in  degree  of 
kaolinization,  but  is  remarkably  free  from  impurities  and  is  also  very 
low  in  quartz.  The  workings  consist  of  tunnels  and  shafts  opened 
to  expose  the  kaolin. 

All  the  exposed  material  bf  the  main  dike  was  sampled.  Washed 
by  the  laboratory  process,  the  sample  averaged  37  per  cent  of  kaolin. 
Tliis  kaolin  has  a  refractory  value  above  1,730®  C.  The  color  when 
filed  at  1,350''  C.  is  grade  1.  Dried  at  110''  C.  this  kaolin  shrinks  7.4 
per  cent  and  fired  at  1,350®  C.  it  shrinks  17.4  per  cent.  It  has  a 
tensile  strength  of  17.5  pounds  per  square  inch. 

Properiiei  in  standard  porcelain  mixture. 

This  kaolin  when  introduced  into  the  mixture  and  fired  at  1,350^  G.  gives  a  tians- 
lucency  of  0.72.  The  transmitted  light  ia  cream  colored.  Absorption  is  8.3  per  cent. 
The  color  is  grade  1.  The  kaolin,  dried  at  110®  C,  shrinks  4.4  per  cent;  when  fired  at 
1,350®  C,  shrinks  14.4  per  cent.  The  color  is  unaffected  by  the  application  of  either 
the  raw-lead  or  fritted  glazes. 

SPBUCEPIKE.      WISEMAN   PBOSPECT. 

This  prospect  (101)  is  on  the  Marion  road,  3  miles  southeast  of 
Sprucepine,  Mitchell  County,  N.  C.  The  pegmatite  dike,  which  is 
more  or  less  kaolinized,  has  a  northeast  strike  and  a  nearly  vertical 
dip.  The  half  adjoining  the  southeast  wall  is  incompletely  kaolinized, 
but  kaolinization  of  the  northwest  half  is  well  advanced.  The  entire 
deposit,  however,  is  very  sandy,  as  is  common  among  kaolin  deposits 
m  this  immediate  vicinity.  Adjoining  this  dike  on  the  southeast  side 
is  a  narrow  ledge  of  coarse  granite-pegmatite  which  is  apparently 
unaltered. 

The  kaolinized  portion  of  this  dike  was  sampled  and  tested  with 
the  following  result: 

In  the  laboratory  washing  process  it  yielded  21  per  cent  of  kaolin. 
The  refractory  value  of  the  kaolin  is  1,730^  C.    The  color  is  grade  2. 
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The  shrinkage  is  3.2  per  cent  when  dried  at  110^,  and  11.9  per  cent 
when  fired  at  1,350°  C.  When  dried  at  110^  C.  this  kaolin  has  a 
tensile  strength  of  17  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

Tested  in  the  mixture  and  fired  at  1,3^*^  0.  thia  kaolin  gives  a  tnnaiucency  of 
0.76  and  the  transmitted  light  is  cream  colored.  Absorption  is  3.7  per  cent.  The 
color  is  grade  2.  The  shrinkage  when  dried  at  110^  is  3.8  per  cent,  and  when  fired 
at  1,350^  C,  13  per  cent.    The  color  under  the  fritted  and  raw-lead  glazes  is  unaltered. 

8YLVA.      BUCHANAN   PBOSPEOT. 

This  prospect  (52)  is  1^  miles  east  of  Sylva  and  one-half  mile 
south  of  the  Murphy  Branch  of  the  Southern  Railway  in  Jackson 
County,  N.  C. 

The  dikes  exposed  vary  in  width  from  10  to  18  feet,  strike  N.  40**  E. 
and  dip  80^  N.  One  dike  is  exposed  on  or  along  a  ridge  that  trends 
north.  The  overburden  at  the  higher  points  averages  from  2  to  10 
feet,  but  downhill  it  averages  from  15  to  20  feet.  The  dike  at  the 
higher  elevation  is  exposed  along  the  ridge  and  is  one-eighth  mile 
east  of  the  other  dike,  hence  the  two  are  imdoubtedly  not  a  continua- 
tion of  the  same  dike  although  very  similar  as  regards  appearance 
and  associated  materials.  In  all  of  tJiese  dikes  small  lenses  of  garnet- 
colored  sand  mixed  with  altered  biotite  are  found,  but  their  removal 
under  ordinary  mining  conditions  would  not  cause  any  difficulty. 
The  higher  dike  has  been  opened  only  by  shallow  pits,  and  the  quality 
of  the  kaolin  exposed  is  doubtless  inferior  to  tliat  obtainable  at  a 
little  greater  depth.  The  lower  dike  is  well  exposed  by  shafts  25  feet 
deep  and  by  two  timnels  and  is  of  quite  uniform  structure  and  width. 

The  lower  dike  was  carefully  sampled.  Washed  by  the  standard 
laboratory  method  the  sample  yielded  40  per  cent  of  kaolin.  This 
kaolin  has  a  chemical  composition  as  follows: 

Componlion  of  kaolin. 

HaO 13.77 

SiOa 46.30 

AlaOj 39.06 

FeaO, 20 

TiOa .04 

CaO Trace. 

MgO Trace. 

Na,0 11 

KjO 60 

100.08 

This  kaolin  has  a  refractory  value  above  1,730®  C.  Its  color  is 
grade  3.  Its  shrinkage  when  dried  at  110®  is  5.4  per  cent,  and  its 
total  shrinkage  at  1,350®  C,  13.9  per  cent.  The  tensile  strength  of 
this  kaolin  when  dried  at  110®  is  28.5  pounds  per  square  inch. 
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Propertiei  in  zUmdard  porcelain  mixture. 

This  kaolin  when  introduced  into  the  mixture  and  fired  at  1,360^  G.  gives  a 
tnuialucency  of  0.64  and  the  transmitted  light  is  cream  colored.  Absorption  is  5.3 
per  cent.  The  color  is  grade  3.  The  shrinkage  of  the  mass  dried  at  110°  is  3  per  cent; 
fired  at  1,350^  C,  13.1  per  cent.  Tested  under  the  .fritted  and  raw-lead  glazes  the 
mixture  shows  a  pale-green  tint,  which  is  equally  apparent  under  each  glaze. 

STLYA.   FOREST  HILL  MICA  MINE. 

This  mine  (62)  is  on  the  Cox  property  10  miles  south  of  Sylva  and 
1  mile  west  of  CuUowhee  Creek  in  Jackson  County,  N.  C. 

The  dike  has  a  general  northeast  strike  and  a  vertical  dip.  It 
varies  from  8  to  20  feet  wide,  and  a  number  of  stringers  of  great 
thickness  are  visible  in  the  inmiediate  neighborhood.  Another  dike 
(65)  is  exposed  by  a  shallow  pit  100  yards  to  the  north  of  this  main 
dike  but  50  feet  below.  An  exposure  of  kaolin  is  also  seen  1  mile 
south  (66).  The  dike  is  in  various  stages  of  kaolinization,  but  is  uni- 
formly very  free  from  impurities  with  the  exception  of  a  little  quartz; 
no  wide  quartz  bands  were  exposed  by  any  of  the  numerous  tunnels 
that  have  been  driven  in  search  of  mica. 

The  kaolin  material  was  sampled  by  the  laboratory  washing  process  ; 
it  shows  a  kaolin  content  of  31  per  cent.  This  kaolin  has  a  dhemical 
composition  as  follows: 

Composition  of  kaolin. 

H,0 12.53 

8iO, 49.20 

AljO, 37.58 

Fe,0, 17 

TiOa Trace. 

CaO Trace. 

MgO Trace. 

NaaO 13 

Kfi 47 

100.08 

This  kaolin  has  a  refractory  value  of  1,730**  C.  Its  color  when 
fired  at  1,350^  C.  is  grade  2.  The  shrinkage  in  drying  at  110^  is 
4  per  cent,  and  when  fired  at  1,350°  C,  9.7  per  cent.  When  dried  at 
110°  this  kaolin  has  a  tensile  strength  of  16  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

In  this  mixture  when  fired  at  1,350^  C.  the  kaolin  has  a  translucency  of  0.73  and 
the  transmitted  light  is  cream  colored.  Absorption  is  5.5  per  cent.  The  color  is 
grade  3.  Dried  at  110^  C.  the  kaolin  shrinks  1.4  per  cent,  and  fired  at  1,350^  C,  11.6 
per  cent.  When  the  fritted  glaze  or  the  raw-lead  glaze  is  applied  to  this  mixture  the 
nuMttBcimes  a  very  pale  green  tint. 
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SYLYA.      NORTH  CAROLINA  MINING  dc  MANUFACTURING  CO.  MINE. 

This  mine  (54, 55)  is  2  miles  south  of  Sylva,  Jackson  County,  N.  C. ,  on 
the  south  slope  of  a  mountain.  The  kaolinized  pegmatite  dike  varies 
from  8  to  18  feet  in  width  and  strikes  N.  45°  E.  There  is  a  surface 
cut  of  about  200  feet,  about  20  feet  deep.  From  this  level  shafts  have 
been  sunk  and  material  below  has  been  removed.  These  shafts 
have  been  filled  and  their  depth  could  not  be  determined,  the  surface 
mdications  only  proving  their  existence.  This  mine  is  mentioned 
in  Bulletin  No.  13  of  the  North  Carolina  Geological  Survey,  which 
refers  to  numerous  patches  of  partly  kaolinized  material  in  the  dike, 
and  states  that  several  tons  of  fresh  feldspar  are  reported  to  have  been 
shipped. 

At  only  one  point  is  the  dike  material  now  exposed.  This  material 
was  sampled  and  washed  and  found  to  contain  26  per  cent  of  kaolin. 

The  analysis  of  this  kaolin  as  given  by  the  North  Carolina  Geo- 
logical Survey  is  as  follows : 

Compontion  of  kaolin. 

Moisture 3. 07 

SiOa 44.08 

AlaO, 36.26 

FeaO, 1.86 

CaO 43 

MgO 20 

KNaO 50 

Combined  water 13, 56 

99.96 

The  general  run  of  kaolin  taken  from  this  mine  and  washed  by  the 
standard  laboratory  process  is  doubtless  much  lower  in  iron  than  is 
indicated  by  this  analysis  since  the  refractory  value  is  above  1,730°  C. 
and  the  color  is  grade  2.  Dried  at  110°  C.  it  shrinks  6.7  per  cent  and 
fired  at  1,350°  C.  12.6  per  cent.  The  tensile  strength  is  18  pounds 
per  square  inch. 

Properties  in  eUmdard  porcekdn  mixiun. 

In  this  mixture  fired  at  1,350^  C.  the  kaolin  gives  a  translucency  of  0.66  and  the 
transmitted  light  is  cream  colored.  Absorption  is  6.1  per  cent.  The  color  is  grade  2, 
and  the  shrinkage  is  3.2  per  cent  dried  at  110^  0.  and  13.3  per  cent  when  fired  at  1,350"* 
C.  Tested  under  the  raw-lead  and  fritted  glazes  it  shows  a  pale-green  tint,  equally 
apparent  under  each  glaze. 

SYLYA.      BODA   KAOLIN  AND  MICA  MINE. 

This  mine  (67)  is  7  miles  southeast  of  Sylva,  Jackson  County,  N.  C, 
on  the  south  side  of  the  Tuckasegee  River  opposite  the  mouth  of 
Cany  Fork.  The  pegmatite  dike  cuts  diagonally  a  low  ridge  and  has 
a  general  northeast  strike.     A  broad  band  of  sugar  quartz  follows  the 
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south  wall,  which  is  very  crooked.  The  extent  of  the  dike  has  been 
proven  more  or  less  by  test  pits,  but  the  chief  exposure  ia  by  a  long 
tunnel  driven  from  the  west  slope  of  the  hill.  This  tunnel  passes 
through  a  broad  band  of  low-grade  pegmatite  material  into  a  band 
having  a  low  quartz  content.  At  this  point  a  deep  shaft  has  been 
sunk  from  the  tunnel  across  its  entire  width  and  the  portion  of  the 
tunnel  beyond  this  point  was  inaccessible. 

The  material  in  the  neighborhood  of  the  shaft,  consisting  of  equal 
portions  of  the  material  rich  in  kaolin  and  material  lean  in  kaolin, 
was  sampled.  Washed  by  the  standard  laboratory  process  the 
sample  contained  26  per  cent  of  kaolin.  This  kaolin  has  a  refractory 
value  above  1,730°  C.  Its  color  is  grade  2.  Its  shrinkage  dried  at 
110*^  C.  is  4.1  per  cent  and  fired  at  1,350°  C.  is  12.7  per  cent.  The 
tensile  strength  is  21  pounds  per  square  inch. 

Propoties  in  the  tUmdard  porcelain  mioUurt, 

Introduced  into  the  mixture  and  fired  at  1,350°  G.  thb  kaolin  gives  a  translucency 
of  0.66  and  the  transmitted  light  is  cream-white.  Absorption  is  5.7  per  cent.  The 
color  is  grade  2.  Dried  at  110°  €.  the  shrinkage  is  3  per  cent  and  fired  at  1,350°  G.  is 
12.2  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  it  shows  a  very  pale  green, 
equally  apparent  under  both  glazes. 

TOECANE.      P.  H.  HOWELL  PROSPECT. 

This  prospect  (80)  is  3  miles  southeast  of  Toecane,  Mitchell  County, 
X.  C,  and  1  mile  southwest  of  the  forks  of  Sink  Hole  road  running  to 
Youngs  Siding.  The  dike  is  on  a  high  ridge  along  the  crest  and  the 
general  direction  of  the  strike  is  N.  45°  E.  The  dip  is  80°  NW, 
The  width  varies  greatly,  different  exposures  indicating  a  thickness  of 
from  8  to  18  feet.  The  kaolinization  of  the  pegmatite  is  well  advanced, 
but  the  dike  still  contains  some  scattered  semikaolinized  lenses  (79). 
The  wall  rock  is  a  brown  gneiss  which  differs  distinctly  in  color  from 
the  Roan  gneiss,  which  is  the  ordinary  country  rock  throughout  this 
district. 

The  dike  was  sampled  across  its  entire  width.  Washed  by  the 
standard  laboratory  process  the  sample  yielded  31  per  cent  of  kaolin. 
The  refractory  value  of  this  kaolin  is  1,710°  C.  Its  color  is  grade  2. 
Dried  at  110°  C.  it  shrinks  3  per  cent;  fired  at  1,350°  C.  it  shrinks  12.7 
per  cent.     The  tensile  strength  is  17  poimds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

In  the  mixture  and  fired  at  1,350®  C.  this  kaolin  has  a  translucency  of  0.69  and  the 
(luiBmitted  light  is  cream  colored.  Absorpt^n  is  5.9  per  cent.  The  color  is  grade  2. 
The  shrinkage  dried  at  110°  C.  is  3.4  per  cent  and  fired  at  1,350°  C.  is  13.1  per  cent. 
Tested  under  the  raw-lead  and  fritted  glazes  the  mass  shows  a  very  pale  green  tint, 
equally  apparent  xinder  each  glaase. 
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WAYNESYILLE.      KIN8LAND  MINE. 

This  mine  is  on  the  Crabtree  road,  9  miles  northeast  of  Waynes- 
ville,  Haywood  County,  N.  C,  just  beyond  the  bridge  over  Pigeon 
River. 

The  broad  dike  is  divided  into  many  sections  by  intruded  material, 
but  totals  75  feet  In  width.  In  one  place  where  exposed  by  an  old 
road  the  general  outline  of  the  lenses  of  harder  pegmatite  and  of  wall 
rock  are  easily  seen.  The  bands  of  kaolin  material  average  from  6 
to  8  feet  wide  and  generally  have  a  very  high  quartz  content;  the 
quartz  is  not  in  solid  bimds  but  is  scattered  through  the  mass  as  smaU 
angular  particles  from  one-eighth  to  one-half  inch  in  size.  The  dike 
is  opened  by  a  number  of  shafts  and  tunnels,  but  most  of  them  have 
caved  badly.  One  of  them  still  exposes  the  dike  at  a  depth  of  about 
20  feet  where  the  kaolin,  as  in  the  road  exposure,  shows  a  rather  exces- 
sive quartz  content.  This  dike  has  a  general  strike  N.  40^  E.  In 
addition  to  the  exposures  already  mentioned  there  is  an  outcrop  on 
the  strike  of  this  dike  on  a  low  hill  300  yards  distant  which  shows  the 
same  general  structure  as  this  deposit. 

The  kaolin  in  the  shaft  was  carefully  sampled.     Washed  by  means 

of  the  laboratory  apparatus  this  sample  contained  27  per  cent  of 

kaolin.    This  kaolin  was   analyzed;  it  has  the  following  chemical 

composition: 

Compontion  of  kaolin, 

H,0 11.90 

SiOa 60.64 

AljO, 35.57 

FeaOj 25 

TiOa 03 

CaO Trace. 

MgO Trace. 

BaO 07 

NajO 08 

K^O L70 


100.24 

This  kaolin  has  a  refractory  value  of  1,670®  C.  Its  color  is  grade 
5.  Its  shrinkage  at  110®  C.  is  4.4  per  cent.  Its  shrinkage  when 
fired  at  1,350®  C.  is  9.8  per  cent.  Its  tensile  strength  when  dried  at 
110®  is  8  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

Fired  at  1,350^  G.  this  kaoUn  in  the  mixture  has  a  translucency  of  0.76  and  the  traa»- 
mitted  light  is  cream  colored.  Absorption  is  2.6  per  cent.  The  color  ia  grade  5. 
Dried  at  110^  the  kaolin  shrinks  1  per  cent;  fired  at  1,350^  0.  it  shrinks  13.6  per  cent. 
Tested  under  the  fritted  and  raw-lead  glazes  this  porcelain  mass  remains  unchanged 
in  tint. 
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WEBSTER.      COWAN  PROSPECT, 

This  prospect  is  one-half  mile  southeast  of  Webster,  Jackson 
County,  N.  C,  just  west  of  the  nickel-refining  plant  at  that  place. 
The  test  hole  where  the  kaolinized  material  is  exposed  is  near  a  small 
branch  and  the  exposure  is  so  small  that  no  idea  can  be  formed  of  the 
extent  of  the  dike.  The  quality  of  the  material,  however,  is  high. 
Xo  indications  of  kaolin  or  of  pegmatite  dikes  are  noted  on  the  sur- 
face in  the  neighborhood  of  this  exposure,  but  the  overburden  on  the 
hillside  is  thick  enough  to  hide  them. 

WEBSTER.      HALL  MINE. 

This  mine  (57)  is  directly  west  of  Webster,  Jackson  County,  N.  C, 
on  a  low  ridge  above  Tuckasegee  River  and  midway  between  Harris 
Bridge  and  Webster  Bridge. 

The  dike  has  several  stringers  which  vary  from  1 0  to  20  feet  in  width. 
It  strikes  N.  40*^  E.,  the  dip  being  almost  vertical.  It  is  opened  by  a 
tunnel  60  feet  long,  which  follows  the  strike,  and  a  shaft  about  20 
feet  deep.  The  shaft,  however,  has  fallen  in  badly,  so  that  samples 
could  not  be  taken.  The  tunnel  was  sampled  across  the  full  width  of 
the  dike.  The  sample  when  washed  yielded  24  per  cent  of  kaolin. 
The  refractory  value  of  the  kaolin  is  above  1,730®  C.  Its  color  is 
grade  4.  Dried  at  110®  C.  it  shrinks  4.9  per  cent,  and  fired  at  1,350® 
C.  it  shrinks  12.4  per  cent.  The  tensile  strength  is  18  pounds  per 
square  inch. 

Properties  in  standard  porcelain  mixtwre. 

In  this  mixture  fired  at  1,350^  C.  the  kaolin  has  a  tranducency  of  0.68  and  the  trans- 
mitted light  is  cream  colored.  Absorption  is  4.6  per  cent.  The  color  is  grade  4.  The 
flhrinkage  of  the  kaolin  dried  at  110^  C.  is  3.1  per  cent  and  fired  at  1,350^  C.  is  13  per 
cent.    Tested  under  the  raw-lead  and  fritted  glazes  the  color  remains  unaltered. 

WEBSTER.      LONG   MICA   MINE. 

This  mine  (61)  is  one-fourth  mile  northeast  of  the  mouth  of  Waye- 
hutta  Creek  and  4  miles  southeast  of  Webster,  Jackson  Coimty,  N.  C. 

The  irregular  pegmatite  dike  strikes  N.  70*^  E.  Mining  has  been 
entirely  for  mica  and  two  tunnels  have  been  run  into  the  hill,  only 
one  having  been  opened  at  the  time  of  the  visit.  An  open-cut 
directly  above  this  tunnel  exposes  the  surface  of  the  dike.  The 
width  of  this  dike  varies  from  10  to  20  feet  and  is  considerably  broken 
by  intrusions  of  wall  rock.  The  dike  is  well  advanced  in  kaolinization 
but  contains  considerable  streaked  material  similar  to  infiltrated 
surface  stain. 

The  richer  part  of  the  dike  was  sampled,  care  being  taken  to  obtain 
material  free  from  stain.  The  sample  washed  by  the  standard 
laboratory  process  yielded  35  per  cent  of  kaolin.     The  refractory 
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value  of  this  kaolin  is  above  1,730°  C.     Its  color  is  grade  2,    Its 
shrinkage  when  dried  at  110°  C.  is  4.1  per  cent  and  fired  at  1,350°  C. 

11.2  per  cent.     The  tensile  strength  is  20  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

In  this  mixture  fired  at  1,350°  C.  the  kaolin  has  a  translucency  of  0.69  and  the 
transmitted  light  is  cream  colored.  Absorption  is  6  per  cent.  The  color  is  grade  2. 
The  skiinkage  when  dried  at  110°  G.  is  3  per  cent  and  fired  at  1,350°  G.  13.8  per  cent. 
Tested  under  the  raw-lead  and  fritted  glazes  the  kaolin  shows  a  very  pale  green  tint, 
equally  apparent  imder  each  glaze. 

WILLETTS   STATION.      WATEHUTTA   MICA    MINE. 

This  mine  (56)  is  on  the  west  face  of  Black  Mountain  near  the 
head  of  Wayehutta  Creek  and  3  miles  south  of  Willetts  Station, 
Jackson  County,  N.  C. 

The  irregular  pegmatite  dike  strikes  N.  70*^  E.  and  has  a  varyino: 
dip.  The  dike  where  exposed  seems  to  be  about  50  feet  wide  with  a 
10-foot  horse  of  the  wall  rock  near  the  center.  A  massive  quartz 
band  occurs  along  the  south  wall.  The  openings  are  four  tunnels, 
only  one  of  which  penetrates  kaolin  material  in  commercial  quantity. 
These  tunnels  are  all  on  the  steep  slope  of  the  ridge  300  feet  or  more 
above  the  road  and  40  to  60  feeu  below  its  crest. 

The  kaolin  material  was  sampled.  Washed  by  the  standard 
laboratory  method  the  sample  yielded  33  per  cent  of  kaolin.  This 
kaolin  has  a  refractory  value  above  1,730°  C.  Its  color  is  grade  2. 
Dried  at  110**  C.  it  shrinks  4.6  per  cent,  and  fired  at  1,350®  it  shrinks 

12.3  per  cent.    The  tensile  strength  of  the  kaolin  dried  at  110°  is 
12.5  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

When  tested  in  the  mixture  fired  at  1,350^  C.  this  kaolin  has  a  tranelucency  of 
0.64  and  the  transmitted  light  is  cream  colored.  Absorption  is  7.1  per  cent.  The 
color  of  the  porcelain  mixture  is  grade  2.  The  shrinkage  at  110^  is  3.6  per  cent  and 
when  fired  at  1,350^  C.  12.6  per  cent.  When  tested  under  the  Mtted  and  raw-lead 
glazes  no  change  of  tint  is  noticeable. 

VntGINIA. 
LYNOHBUBG.      RADFORD  PROSPECT. 

This  prospect  is  1}  miles  northeast  of  Forest  Depot,  Bedford 
County,  Va.,  and  10  nules  southwest  of  Lynchburg. 

The  pegmatite  dike  varies  from  6  to  15  feet  wide  and  is  reported 
to  have  been  proven  for  nearly  500  feet  by  auger  borings.  For  300 
yards  along  the  strike  of  this  dike  a  narrow  band  of  semikaolinized 
material  is  apparent.  The  strike  of  the  dike  is  N.  30^  £.  It  is 
opened  by  a  pit  35  feet  deep  and  contains  a  12-inch  flint  band  near 
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the  middle.  The  dike  structure  is  variable,  showing  bands  of  soft 
kaolin  comparatively  free  from  sand  and  mica  and  also  many  bands 
containing  0.1  per  cent  of  sand  and  small  mica,  as  well  as  much  semi- 
kaolinized  material.  In  this  shaft  was  noted  a  streak  of  garnet  sand 
similar  to  streaks  in  North  Caroliaa  dikes.  The  overburden  ia  few 
places  exceeds  6  to  8  feet  and  the  prospect  is  for  the  most  part  on  an 
elevated  tract  of  land  one-half  mile  from  Wolfe  Creek  and  is  crossed  by 
Double  Branch,  a  tributary  of  Wolfe  Creek. 

The  kaolinized  part  of  this  dike  was  sampled.  Washed  by  the 
standard  laboratory  process  the  sample  yielded  27  per  cent  of  kaolin 
having  a  refractory  value  above  1,710°  C,  The  color  ia  grade  4. 
The  shrinkage  of  the  kaolia  dried  at  llO*'  C.  is  6.2  per  cent,  and  fired 
at  1,350°  C.  is  16.4  per  cent.  The  tensile  strength  of  the  kaolin 
dried  at  110°  is  17  pounds  per  square  inch. 

Properties  in  standard  porcelain  mixture. 

When  introduced  into  the  mixture  and  fired  at  1,350^  C.  this  kaolin  gives  a  trans- 
lucency  of  0.69  and  the  transmitted  light  is  yellow.  Absorption  is  5.1  per  cent.  The 
color  is  grade  4.  When  dried  at  110^  G.  the  shrinkage  is  5.4  per  cent,  and  when  fired  at 
1,350^  G.  is  15  per  cent.  Tested  under  the  raw-lead  and  fritted  glazes  this  mass  shows 
a  very  pale  green  tint,  equally  apparent  under  each  glaze. 

HENRY.      BLUE   RIDOE   MINE. 

This  mine  is  3  J  miles  southeast  of  Henry,  Henry  County,  Va.,  on  a 
ridge  100  feet  above  the  creek.  There  is  either  a  series  of  separate 
dikes  of  no  great  width  or  perhaps  one  broad  dike  with  numerous 
bands  of  foreign  material.  The  majority  of  the  kaolinized  pegma- 
tite bands  now  exposed  are  not  more  than  3  to  8  feet  wide,  and  most 
of  the  associated  bands  of  foreign  material  are  gray  sand  carrying 
little  or  no  kaolin.  The  area  that  has  been  worked  over  covers  about 
10  acres,  and  a  few  of  the  shafts  have  been  sunk  about  80  feet.  There 
are  small  lenses  of  garnet  sand  and  iron-stained  blocks  of  mica,  large 
and  small,  which  necessitate  careful  hand  picking  in  order  to  make  a 
marketable  kaolin.  The  mine  has  been  abandoned  several  years,  and 
the  washing  plant  is  dismantled.  Whether  additional  kaolin  still 
remiiins  on  this  property  in  commercial  quantities  could  not  be  deter- 
mined. 

ASSOCIATED    MINERALS    IN    THE    PEGMATITE    DIKES. 


AQXJONE,   N.   C.      YONCE   FARM   PROSPECT. 

Ocher  is  found  on  the  Yonce  farm  (16)  2  miles  north  of  Aquone  on 
Nantahala  River,  in  Macon  County,  N.  C. 
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A  deposit  of  this  material  is  exposed  in  a  creek  bed  for  a  width  of 
about  15  feet.  The  dike  strikes  N.  35°  E.,  and  consists  of  four  bands, 
of  which  a  4-foot  band  along  the  west  wall  and  a  2-foot  band  along 
the  east  wall  are  very  rich.  The  central  portion  of  the  dike  is  very 
sandy.  No  attempt  has  been  made  to  develop  this  deposit,  and  no 
other  exposures  in  either  direction  were  found.  A  small  deposit  of 
similar  material  100  yards  east  of  this  exposure  is  opened  along  a 
hillside,  but  from  the  associated  material  this  is  not  believed  to  be  the 
same  body,  although  it  may  be  a  stringer  from  this  body. 

The  richest  parts  of  this  deposit  were  sampled  and  washed  and 
yielded  42.5  per  cent  of  high-grade  golden  ocher  having  the  following 
composition: 

Composition  of  ocher. 

Volatile  matter 13. 59 

SiOj 15.40 

AI3O, 16.25 

FejO, 51.00 

TiOa 30 

96.54 

AlkaU  and  alkaline  earths  were  not  determined. 

SPEUCEPINE,  N.   C.      HABBIS  CLAY  CO.   KAOLIN  MINE. 

This  mine  (96)  is  north  of  Sprucepine,  Mitchell  County,  N.  C.  The 
part  of  this  deposit  immediately  below  the  overburden  is  a  golden 
color  in  many  places  for  a  depth  of  5  to  8  feet. 

This  material  was  sampled  and  washed  and  found  to  contain  34 
per  cent  of  ocher.  It  contains  much  very  fine  mica,  however,  and 
must  be  washed  with  great  care. 

PracticeJly  all  the  kaolin  deposits  in  the  Mount  Mitchell  district 
display  this  yellow  material  near  the  siu^ace,  and  it  may  be  washed 
to  form  a  marketable  product  having  a  value  equal  to  that  of  the 
kaolin.  

SCHEOBTTEBITE . 
DILLSBORO,   N,    C.      HARRIS   CLAY  CO.    KAOLIN  MINE. 

This  mine  (60)  is  5  miles  southeast  of  Dillsboro,  Jackson  County, 
N.  C.  Associated  with  the  kaolinized  pegmatite  found  in  this  dike 
is  a  material  similar  to  semikaolinized  feldspar  in  appearance,  but 
widely  different  in  composition. 

This  material  occurs  as  small  lenses  or  bands  in  the  dike  material 
and  is  reported  as  occurring  at  all  levels,  although  its  occurrence  is 
noted  oftenest  at  levels  below  60  feet.  Samples  of  this  material  show 
the  following  composition: 
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Composition  o/schroetterUe. 

HaO 27.90 

SiOj 2L90 

AljO, 49.60 

FcjO, 30 

TiOj Trace. 

CaO Trace. 

MgO Trace. 

KjO 10 

NajO 00 


99.80 

The  composition  approaches  that  of  the  mineral  schroetterite,  the 
formula  of  which  is :  Al^^SisOao-^^^I^O.  This  substance  has  a  formula 
Alifii/)^.25A'Rfi,  and  differs  from  schroetterite  in  the  amount  of 
combined  water  only. 

SUGAB  OUABTZ. 

Sugar  quartz  is  apparently  of  imiform  quality  wherever  found, 
except  that  in  some  cases  it  is  stained  with  infiltrated  iron-bearing 
material  or  with  incrustations  of  wad.  If  the  quartz  is  to  be  used  in 
the  manufacture  of  pulverized  flint  that  which  is  stained  must  be 
removed  by  hand. 

Samples  of  sugar  quartz  from  numerous  mines  and  prospects  have 
been  tested.     An  analysis  of  this  material  is  as  follows : 

Analytis  of  sugar  quartz. 

SiOa 99.32 

AlaO, 49 

FejO, Trace. 

H,0  and  oiganic 10 


99.91 


Pulverized  and  fired  this  material  is  a  white  powder  that  shows  no 
bonding  strength  when  heated  to  1,350^  C. 

Properties, in  standard  porcelain  mixture. 

Introduced  into  the  mixture  this  sugar  quartz  shows  a  translucency  of  0.69  and  has 
a  pale-yeUow  tint.  The  color  is  grade  5.  The  shrinkage  when  dried  at  110^  G.  is 
3.2  per  cent;  fired  at  1,350®  C.  it  is  16  per  cent.  Under  the  raw-lead  and  fritted  glazes 
the  color  is  unaltered. 

WAD. 

In  most  of  the  kaohnized  pegmatite  dikes  throughout  the  region 
investigated  are  nodules  of  wad  scattered  through  th|d  mass  or 
incrusted  in  fissures  in  the  quartz  bands.  Wad  is  an  earthy  man- 
ganese ore  and  carries  some  cobalt  and  other  metal  oxides.  These 
nodules  are  found  occasionally  in  the  Gumey  kaolin  mines  and  are 
very  abundant  in  the  Isinglass  Hill  mica  mine. 
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Wad  is  foiind  in  nearly  all  other  dikes  examined  as  crusts  in  the 
crevices  of  the  ruptured  quartz  bands.  Samples  of  this  material 
have  been  taken  and  its  identity  established  by  determinative  min- 
eralogy methods. 

In  the  kaolin  mine  of  the  Southern  Clay  Co.,  1  mile  northwest  of 
Franklin,  Macon  Coimty,  N.  C,  a  large  amount  of  this  material  was 
found,  which  was  sampled  and  analyzed.  The  chemical  composition  is 
as  follows : 

Composition  of  nodule  of  wad. 

Volatile  matter 15. 30 

SiOa 33.20 

AI2O3 24.60 

FejOa 4.00 

TiOa 25 

Mn804 21.80 

GaO+NiO 75 

CuO 50 

100.40 


PITBLICATIONS  ON  MINE  ACCIDENTS  AND  METHODS  OF 

MINING. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
bv  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.    1912.    34  pp.,-5  pis.,  4  figs. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  0.  Snelling,  and  S.  P.  Howell;  wi  th  a  chapter  on  the  natural  gas  used  at  Pittsburgh, 
by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.    1911.    197  pp.,  7  pis.,  5  figs. 

Bulletin  17 .  A  primer  on  explosives  for  coal  miners,  by  C .  E .  Munroe  and  Clarence 
Hall.  61  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological  Sun-ey  Bulletin 
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FOUNDRY-CUPOLA  GASES  AND  TEMPERATURES. 


By  A.  W.  Belden. 


INTRODUCTION. 

Among  the  investigations  that  the  Bureau  of  l^es  is  conducting 
with  a  view  to  increasing  efficiency  in  the  utilization  of  fuels  belong- 
ing to  or  for  the  use  of  the  Government  is  an  investigation  of  the 
processes  that  take  place  in  a  foundry  cupola  during  a  melt. 

Some  observations  on  the  results  of  cupola  tests  of  cokes  at  the 
Government  fuel-testing  plant  in  St.  Louis,  Mo.,  the  coke  being 
from  coal  from  many  coal  fields  of  the  United  States,  have  been  stated 
in  a  previous  bulletin.^  Especial  attention  was  given  to  the  melt- 
ing losses  that  resulted  from  the  use  of  different  grades  of  coke,  light 
and  porous  or  heavy  and  dense.  These  losses  amounted  in  one  in- 
stance to  52.5  per  cent  of  the  iron  charged  and  showed,  in  convincing 
manner,  the  need  of  exact  information  in  regard  to  conditions  in  the 
fuel  bed  of  the  cupola.^ 

Melting  losses  of  iron  have  been  fully  appreciated  but  little  under- 
stood. The  fact  that  these  losses  were  possible  with  either  light  or 
heavy  coke  led  to  the  belief  that  by  using  small  charges  so  placed 
that  melting  would  take  place  in  that  zone  of  the  cupola  where  the 
highest  heat  and  the  smallest  percentage  of  oxygen  prevailed  and  by 
confining  all  melting  to  this  zone  these  losses  would  be  eliminated  and 
the  economical  use  of  practically  any  coke  produced  for  metaUiugical 
purposes  would  become  possible.  This  widening  of  the  field  from 
which  coke  might  be  drawn  for  foundry  purposes  would  serve  to  place 
the  foundryman  in  an  independent  position  as  regards  his  source  of 
supply,  and  would  tend  to  conserve  the  better  grades  of  coking  coals, 
which  are  being  rapidly  exhausted,  by  making  the  poorer  grades 
available  for  mixing  with  them. 

In  order  to  investigate  conditions  within  a  cupola,  the  Bureau  of 
Mines  as  a  first  step  decided  to  install  a  commercial  cupola,  to  sample 
the  gases  diuing  their  travel  from  the  tuydres  upward,  and  to  deter- 
mine the  temperature  of  the  fuel  bed. 

•  Moldenke,  Ridiard,  The  ooke  indostry  of  Uie  United  Stetei  as  ralsted  to  the  fonndry:  Boll.  3. 
Bureau  of  Mlnesp  1910, 34  pp. 

*  For  deKTiptioQ  of  the  tests  at  St.  Louis,  see  U.  B.  QeoL  Survey  BulL  338. 
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EQUIPMENT. 

OONSTBITCTION  OF  CUFOLA. 

A  36-inch  standard  Whiting 
cupola  was  installed.  A  No.  6 
Sturtevant  fan  was  connected  to  it 
by  a  10-inch  pipe  15  feet  long. 
(See Pl.I, A.)  The cupolaisshown 
in  section  in  figure  1 ,  which  gives 
the  several  dimensions.  Attention 
is  called  to  a  few  special  features, 
as  follows :  Upper  and  lower  tuyeres 
were  provided,  but  the  upper  onra 
were  not  used  in  any  of  the  tests. 
The  four  lower  horizontal  tuyeres 
measured  4  by  6  inches  on  the  out- 
'  side  and  3  by  1 3  inches  on  the  inside 
of  the  cupola  and  were  14  inches 
above  tlie  bottom.  During  tests 
the  sand  bottom  was  brou^t  up 
to  within  3  inches  of  the  bottom  of 
the  tuyeres  in  order  to  save  aa 
much  coke  as  possible.  The  tuy&re 
area   was   96  square  inches,  and 

the  area  of  the  cupola,  lined  to  27  inches  internal  diameter,  waa  573 

square  inches,  a  ratio  of  1  to  5.96. 


FiouKi  ].— SeoUoii  ol  SMdoIi  loandijr  eapola. 
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THEORETICAL  SECTIONS   AND   PLANES. 

For  the  purpose  of  the  investigation  the  cupola  was  considered  as 
divided  into  sections  by  four  imaginary  horizontal  planes,  situated  as 
follows:  One  inch  above  the  top  of  the  inner  opening  of  the  tuyeres, 
and?,  13,  and  19  inches  above  the  top  level  of  the  tuydres.  These 
imaginary  planes,  beginning  at  the  bottom,  are  designated  in  this 
bulletin  as  A,  B,  C,  and  D. 

Two-inch  holes,  as  shown  at  a,  i,  e,  and  d,  of  Plate  II,  A,  were  cut 
through  the  wind  box  and  inner  shell  along  the  lines  at  which  the 
planes  intersected  the  wall.  Through  each  hole  a  l^-inch  pipe  10 
mches  long  was  passed,  the  inner  end  extending  1  inch  past  the  inner 
shell  into  the  brick  lining,  the  outer  end,  extending  1  inch  outside  the 
wind  box,  being  threaded  to  take  a  cap  adapted  to  fit  tightly  the 
sample  tube  when  inserted.  The  1^-inch  pipe  was  held  in  place  and 
leakage  of  air  from  the  wind  box  prevented  by  lock  nuts  inside  and  out- 
side. The  lock  nuts  were  drawn  up  after  proper  packing  was  inserted 
between  the  nut  and  the  inner  wall  of  the  wind  box,  thus  making  an 
air-tight  joint.  Around  the  pipe  at  the  entrance  of  the  inner  wall 
no  packing  was  used,  as  the  brick  lining  was  cut  to  make  a  tight  fit, 
and  the  sample  tubes  after  insertion  were  well  plastered  with  fire  clay 
at  the  point  where  they  passed  through  the  brick.  The  pressure 
was  not  sufficient  to  cause  leakage  through  to  the  fuel  bed,  and  all 
air  admitted  to  the  cupola  passed  through  the  tuyeres.  On  the  oppo- 
site side  of  the  cupola  at  points  designated  as  a',  b\  c',  and  d'  in 
Plate  II,  A,  holes  were  cut  at  levels  corresponding  to  those  represented 
at  a,  h,  c,  and  d,  and  were  fitted  with  3-inch  pipes  similarly  to  those 
just  described.  The  exact  location  of  the  holes,  considered  with  refer- 
ence to  the  inside  of  the  cupola,  was  as  follows:  a  and  a',  1  inch 
above  the  top  of  the  inner  opening  of  the  tuyeres;  b  and  h',  6  inches 
above  a  and  a';  c  and  c',  6  inches  above  (  and  b';  and  d  and  d\  6 
mches  above  c  and  c'.  Later  tests  made  necessary  the  insertion  of  a 
fifth  tube  at  e  and  e',  7^  inches  above  d  and  d\  All  of  these  tubes 
except  tubes  e  and  e'  passed  through  the  wind  box.  The  distance  of 
7}  inches  instead  of  6  inches  between  d  and  e  was  necessary  in  order 
to  clear  the  wind  box  and  avoid  the  difficulty  of  making  the  joint  air 
tight.  Subsequent  tests  showed  that  this  placing  of  the  tube  had 
no  material  effect  on  the  results. 

FAN  BLOWBB  TJN8ATI8FA0T0BY. 

It  was  decided  to  use  a  fan  because  a  fan  had  been  used  in  former 
tests,  and  because  a  blower  causes  pulsations  in  the  blast.  The  fan 
was  driven  by  two  belts  from  a  counter  shaft  (Plate  I,  A)  connected 
by  a  single  belt  to  a  line  shaft  overhead.  The  fan  was  connected  to 
the  cupola  by  a  10-inch  pipe  16  feet  long.    This  pipe  was  not  straight 
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but  had  two  bends  of  large  radius  to  insure  as  little  resistance  as  pos- 
sible to  the  flow  of  air.  In  tlie  preliminary  tests  a  No.  6  Sturtevant 
fan  blower  was  used  and  the  pressure  determined  by  means  of  a  blast 
pressure  gage,  graduated  in  ounces  and  using  water  as  the  registering 
fluid.  This  gage  was  connected  to  the  wind  box,  near  the  top,  by 
means  of  a  rubber  tube,  as  shown  in  Plate  II,  A,  Later,  in  order  to 
get  more  delicate  readings  of  pressure,  a  Pitot  tube  was  installed  in 
the  atraight  part  of  the  pipe,  beyond  the  second  bend  near  the  cupola 
and  connected  with  the  gage.  One  of  the  main  requirements  of  the 
investigation  was  to  determine  the  quantity  of  air  necessary  and  to 
insure  the  delivery  of  this  quantity  during  each  test. 

After  many  attempts  to  regulate  and  control  the  air,  the  task  was 
found  impossible  and  a  No.  2  10-inch  by  35-inch  horizontal  Roots 
blower  was  installed. 

BLOWBB  DBTAILS. 

The  blower  and  connections  are  shown  in  Plate  III.  A  blower 
delivers  a  definite  volume  of  air  per  revolution  when  running  free, 
and  the  loss  due  to  slippage  is  a  definite  and  uniform  quantity  under 
any  particular  pressure.  A  reciprocating  counter  attached  to  the 
main  shaft  of  the  blower  gave  an  accurate  means  of  determining  the 
revolutions,  a  Pitot  tube  connected  to  a  recording  pressure  gage 
indicated  the  pressure  at  any  time  or  the  average  over  any  period  of 
time,  and  calculation  gave  the  total  volume  of  air  delivered.  In 
order  to  make  the  tests  independent  of  possible  delay  and  of  overload 
difficulties,  use  of  the  line  shaft  was  discontinued  and  a  10-horsepower 
motor  was  installed  for  operating  the  blower. 

VOLUME   OF  AIB  DELIVEBED  AND  SLIFPAQE. 

The  blower  was  tested  by  the  manufacturers  at  2,  4,  6^  7,  8,  and  16 
ounces,  and  was  recalibrated  after  installation.  The  curve  shown  in 
figure  2  was  constructed  to  show  the  slippage  in  revolutions  per  min- 
ute at  various  pressures  from  0  to  16  ounces.  The  amount  of  air 
delivered  per  revolution  when  running  free  was  4.8  cubic  feet.  The 
following  example  shows  the  method  of  arriving  at  the  total  volume 
of  air  delivered.  Diuing  a  15-minute  test  the  blower  made  3,497 
revolutions  and  each  revolution  delivered  4.8  cubic  feet  of  air,  so  that 
the  total  number  of  cubic  feet  delivered  was  3,497  times  4.8,  or 
16,785.6  cubic  feet.  The  average  pressure,  as  shown  by  a  pressure 
gage  connected  with  a  Pitot  tube  inserted  in  the  air  pipe,  was  5.3 
ounces.  The  slippage  of  the  blower  at  this  pressure  was  22  revolu- 
tions per  minute.  As  each  slippage  revolution  represented  4.8  cubic 
feet  loss,  the  total  loss  during  the  test  was  1,584  cubic  feet  (22x  15 
X4.8).  Deducting  this  loss  of  1,584  cubic  feet  from  the  total  air 
delivered  with  the  blower  running  free  (16,785-1,584)  gives  15,201 
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cubic  feet  of  air  actually  delivered  in  15  minutes,  or  1,013  cubic  feet 
per  minute. 

MEASUREMENT  OF  PRESSURE. 

The  simple  water  manometer,  used  with  the  Pitot  tube,  required 
the  undivided  attention  of  an  assistant,  who  made  frequent  readings 
over  the  whole  period  of  the  test  in  order  that  the  average  pressure 
might  be  determined.  After  the  method  of  testing  had  been  decided, 
a  Bristol  recording  pressure  gage,  making  a  complete  revolution  in 
one  hour,  was  connected  with  the  Pitot  tube.     (See  PL  III.)     A  record 


< 
O 


o 


« 
^ 


■^ 

"" 

■" 

^ 

"" 

^ 

"^ 

^" 

~ 

"" 

" 

^ 

16 

, 

1 

/^ 

.  ._ 

L^ 

r^ 

1 

^ 

r 

i_ 

14 

_^ 

r 

/ 

z 

12 

z 

1 

/ 

J 

^ 

10 

ri 

7^ 

V 

/ 

y 

/^ 

8 

y 

^ 

, 

y 

6 

^ 

'^ 

-H 

^ 

^_i 

^1 

^ 

4 

y 

X 

X 

2 

^ 

^ 

^ 

^ 

n 

X 

~ 

j- 

10 


20  80 

SLIPPAGE,  R.P.H. 


40 


FiouBK  3.— Slippage  of  blower  under  yariota  preesoree. 


was  thus  obtained  which  was  continuous  over  the  whole  period  of  the 
test  and  facilitated  the  determination  of  a  true  average. 


PROCEDURE  IN  TESTS. 
CHABOZNO  OF  CT7POLA. 

In  all  tests,  whether  relating  to  the  character  of  the  gases  or  to  the 
temperatures,  the  cupola  was  lined  to  27  inches  internal  diameter. 
Coke  alone,  without  iron  or  flux,  was  used.  The  investigation  being 
designed  to  furnish  data  as  to  the  action  of  the  fuel,  it  was  necessary 
to  consider  only  that  part  of  the  cupola  below  and  including  the 
melting  zone.  Complications  from  the  use  of  iron  were  thus  avoided, 
and  the  experience  of  ordinary  commercial  practice  does  not  indi- 
cate that  the  addition  of  this  material  would  seriously  affect  the 
results  obtained  from  coke  alone.  The  sand  bottom  was  brought  up 
to  within  3  inches  of  the  bottom  level  of  the  tuydres.    The  tubes  for 
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collecting  gas  or  measuring  temperature  were  put  in  position.  About 
24  inches  of  coke  was  placed  upon  sufficient  wood  to  insure  proper 
kindling.  The  fire  was  lighted  and  the  coke  allowed  to  ignite  and  bum 
until  the  top  showed  bright.  Coke  in  small  quantities  was  added 
from  time  to  time  until  well  above  the  top  tube,  each  succeeding 
chaise  being  held  until  the  preceding  charge  had  burned  through. 
After  the  last  small  chaise  had  been  added,  sufficient  time  was  given 
to  insure  its  burning  evenly  over  the  whole  surface  of  the  bed,  thus 
indicating  that  the  burning  was  over  and  through  the  whole  bed  of 
coke  and  was  not  localized  as  sometimes  happens  when  proper  pre- 
cautions are  not  taken.  The  kindling  wood  was  always  completely 
burned  before  the  last  coke  was  added.  This  last  addition  of  coke 
brought  the  top  of  the  chaise  to  within  6  inches  of  the  charging  door. 
The  total  weight  of  coke  charged  was  approximately  750  pounds  for 
each  test.  Ten  minutes  after  the  last  coke  had  been  added  the  blast 
was  turned  on  and  was  continued  for  15  minutes  before  the  test  b^an. 
The  reason  for  allowing  this  length  of  time  was  to  insure  uniform 
conditions  over  the  whole  fuel  bed,  and  was  more  than  that  necessary 
in  r^ular  commercial  practice  to  cause  the  appearance  of  iron  at  the 
cupola  spout,  an  indication  that  melting  has  begun. 

Ant  8T7PPLT. 

Preliminary  tests  were  made  with  varying  volumes  of  air  per 
minute,  the  results  suggesting  the  use  of  1,000  cubic  feet  per  minute 
as  a  normal  condition.  As  the  36-inch  cupola,  lined  to  27  inches, 
can  melt  about  2  tons  of  iron  per  hour,  1,000  cubic  feet  of  air  per 
minute  checks  well  witli  the  usual  assumption  that  30,000  cubic  feet 
of  air  is  required  to  melt  a  ton  of  iron.  The  varying  pressures  due  to 
different  sizes  of  coke,  the  position  of  pieces  of  coke  with  reference  to 
other  pieces  and  the  side  walls,  the  effect  of  slagging  and  hanging  and 
of  other  conditions,  made  impossible  the  exact  regulation  of  the  ^ 
supply,  but  the  average  of  all  tests  approximated  1,000  cubic  feet  per 
minute. 

GAS  SAMPIilNO. 

In  investigating  the  cupola  gases  it  was  necessary  to  decide  on  the 
best  method  of  obtaining  samples  that  would  represent  the  gases  in 
the  different  cross  sections  of  the  fuel  bed,  and  the  number  of  such  sam- 
ples necessary  at  each  cross  section,  as  well  as  the  number  of  sections. 

POINTS  OF  SAHPLZNG. 

It  was  decided  to  consider  the  fuel  bed  as  being  divided  by  four 
imaginary  planes,  located  as  follows:  1  inch  above  the  top  of  the 
inner  opening  of  the  tuyferes,  and  7,  13,  and  19  inches  above.  In 
subsequent  discussion  these  planes  are  designated,  starting  with  that 
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1  inch  above  the  top  level  of  the  tuyftres,  as  A,  B,  C,  and  Z?,  and  the 
points  from  which  samples  were  taken,  beginning  with  the  center,  as 
1,  2,  and  3,  2  being  4^  inches  from  the  center,  and  3  being  9  inches 
from  the  center  and  4^  inches  from  the  lining.  Figure  3  shows  a 
vertical  section  of  the  cupola  and  the  positions  of  the  imaginary 
planes  and  of  the  sample  tubes  in  place.  As  figure  3  shows,  all 
samples  were  taken  from  vertical  radial  planes  that  intersected  the 
tuyeres,  it  being  assumed  that  the  gases  were  the  same  over  any 
other  similar  area  in  the  cupola  because  the  entrance  of  tlie  blast  was 
through  tuydres^ 
the  inner  openings 
of  which  extended 
practically  the 
whole  way  around 
the  interior  circum- 
ference of  the  lining. 
Simultaneous  sam- 
ples taken  at  other 
points  showed  rea- 
sonablealthoughnot 
exact  agreement. 

The  preliminary 
work  showed  the  ne- 
cessity of  examining 
the  bed  above  plane 
Z>  (fig.  3),  so  that  ex- 
amination was  made 
of  the  gases  in  afif  th 

imaginary  plane  des- 
ignated as  plane  E.  Fiocfm  S.— Pogltlon  of  planes  and  gas-BampUng  tubes. 

This  plane  was  7i  inches  above  plane  D  and  26i  inches  above  the 
top  level  of  the  tuyeres. 

aAft-SAXPLINa  A7PARATT78. 

The  type  of  gas-sampling  tube  used  in  this  work  is  shown  in  cross 
section  in  figure  4.  -4  in  the  figure  represents  a  1  J-inch  iron  pipe  .48 
mches  long,  one  end  closed  by  a  circular  piece  of  steel  welded  in. 
Three  J-inch,  ^^inch  internal  diameter,  copper  tubes,  for  the  collec- 
tion of  the  gas  samples  (represented  by  a,  5,  and  c,  fig.  4)  were  brazed 
mto  small  holes  cut  through  the  wall  of  the  pipe  and  made  flush  with 
the  outside.  These  gas-coUecting  tubes,  as  well  as  the  inclosing  pipe, 
were  kept  cool  by  cold  water  which  entered  the  outer  end  through  a 
^inch  copper  tube  ((2,  fig.  4)  and  passed  out  through  a  J-inch  iron 
pipe  (e,  fig.  4).  The  exit  ends  of  the  smaU  tubes,  as  well  as  the  i-inch 
inlet,  were  held  in  place  and  the  whole  made  water  tight  by  brazing. 
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The  gas-collecting  tubes  were  connected  by  i-inch  lead  tubes  to 
i-inch  copper  tubes  leading  into  the  wash  bottles.  The  copper  tubes 
were  provided  with  a  T  at  a  point  convenient  for  attachment  to  the 
mercury-filled  sample  receivers.  The  connection  was  made  by  means 
of  a  l-mm.  internal  diameter  glass  tube,  through  which  a  portion  of 
the  gas  was  drawn  off  continuously  from  the  larger  stream.  The 
wash  bottle  was  introduced  beyond  the  point  where  the  gas  sample 
was  taken  and  served  to  indicate  whether  the  gas  was  flowing  properly 
through  the  tubes.  No  aspiration  was  necessary ,  as  the  sampUng 
tubes  extended  into  the  fuel  bed  and  the  positive  pressure  of  the  blast 
forced  the  gases  through  the  tubes.  The  portion  taken  for  a  sample 
was  drawn  from  the  main  flow  by  the  flow  of  the  mercury  out  of  the 
gas  receivers.  Details  of  the  apparatus  are  shown  in  Plate  II,  B. 
More  complete  discussion  of  the  method  of  sampling  and  analysis 
used  can  be  found  in  Bulletin  12  of  the  bureau.^ 


FiotTss  4.— Section  of  gas-aampUng  tube. 


METHOD  OF  USE. 


The  water-cooled  tubes  were  inserted  and  the  cooling  water  turned 
on  before  the  cupola  was  charged.  All  of  the  tubes  were  inserted 
a  distance  that  brought  hole  1,  or  the  hole  nearest  the  inner  end  of 
the  tube  (fig.  3),  at  the  exact  center  of  the  cupola;  hole  2,  4^  inches 
from  hole  1  toward  the  lining;  and  hole  3,  4^  inches  from  hole  2  and 
4^  inches  from  the  lining.*  This  placing  of  the  tubes  divided  the  13} 
inches  from  lining  to  center  into  three  equal  parts.  When  the  blast 
was  turned  on,  the  bubbling  of  the  water  in  the  wash  bottles  attached 
to  the  ends  of  the  tubes  gave  evidence  of  the  flow  of  gas.  If  the  gas 
did  not  flow  properly,  the  small  tubes  were  disconnected  at  the  point 
where  they  joined  the  lead  tube  and  a  wire  was  rim  through  to  re- 
move the  obstruction;  or,  as  later  practiced,  compressed  air  was  blown 
through  from  the  end  of  the  lead  pipes.  The  latter  procedure  had 
the  advantage  of  clearing  the  whole  system  and  saved  much  time. 


a  Frater,  J.  C.  W.,  and  Hoffman,  E.  J.,  Apparatus  and  methods  for  the  sampling  and  analysis  of  fur- 
nace gaaes.    1911.    22  pp. 

»  The  points  in  the  fuel  bed  at  the  holes  here  mentioned  are  subsequently  referred  to  in  text  and  in  tsbla 
M*'kioatlons." 
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After  all  the  parts  had  been  tested  and  gas  was  flowing  freely,  the 
inercury-filled  san^ple  receivers  were  attached.  Fifteen  minutes 
after  the  blast  had  been  started  the  cocks  on  all  the  receivers  were 
turned  simultaneously  and  samples  were  taken  for  a  period  of  15 
minutes.  One  set  of  three  samples  was  taken  from  each  imaginary 
horizontal  plane,  a  total  of  15  samples  for  each  test.  On  several 
of  the  tests  a  sixth  set  was  taken  at  a  point  above  the  charge,  to  show 
the  average  composition  of  the  gases  at  that  position.     (See  Fl.  I,  A,) 


BB8ULT8  OF  AKALY8B8. 

The  results  of  analyses  of  the  gases  from  separate  tests,  as  well  as 
the  average  for  the  series,  are  given  in  table  1,  as  follows: 

Table  1. — Analyses  of  cupola  eaaes. 
[L.  L.  Satler,  Jr.,  analyst.] 


!    A 

Test  No.  — 

• 

0 

z 

Average. 

1 

•. 

1 

J 

1. 

2. 

3.                          4. 

5. 

^ 

CO, 

0,. 

CO. 

COt. 

0^ 

CO. 

COt. 

Oi. 

CO. 

CO,. 

Ou 

CO. 

CO,. 

0^ 

0.0 

0.1 

13.1 

CO. 

15.5 

11.6 

0.3 

CO,. 

12.0 

10.3 

4.5 

0,. 

0.2 

2.1 

15.8 

CO. 

1 
'      1 

Mi 

5.0 

10.3 

1.1 

0.0 

9.5 

19.6 

25.1 

o!o 

8.8 

10.3 

2.5 

0.0 

0.1 

18.1 

19.5 

Vo 

17.1 

11.0 

3.1 

0.7 

0.4 

17.6 

4.9 

15.6 

0.0 

Vo 

9.5 

0.3 

0.5 

10.6 

24!  2 

1.1 

11.6 

13.8 

7.3 

14.2 

14.0 

0.2 

B 

I 

7.9 
18.3 
10.4 

10.1 

21.3 
1.7 
0.1 

15.6 
11.8 
14.0 

0.5 
0.1 
6.2 

8.3 

14.7 

0.7 

12.2 

13.1 

8.1 

0.0 

0.3 

12.4 

14.0 

12.0 

0.0 

v. 

12.4 

0.0 
0.0 
7.8 

11.1 

18.8 

1.1 

15.6 
10.8 
12.7 

0.3 

7.5 

17.2 

0.4 

13.1 
12.5 
11.5 

0.1 
0.3 
8.9 

12.4 

12.9 

0.5 

1 
C       2 

i.Vn 

0.0 
0.2 
4.9 

0.4 

13.9 
14.2 
15.0 

0.2 
0.0 
4.7 

10.9 

18.1 

1.5 

12.9 
13.8 
13.2 

0.0 
0.2 
7.3 

13.1 

11.2 

0.5 

11.7 

8.2 

16.6 

0.0 

CO.  7 

2.8 

14.7 

19.7 

1.2 

14.1 

0.5 

10.1 

11.9 
12.8 
15.0 

0.1 
0.1 
4.9 

14.4 
13.2 

1   ?  15.2 

15.1 

4.8 

1.4 

1.0 

1 
1 
D,     2 
I   3 

6.3 

,12.1 

17.6 

0.7 

24.0 

14.8 

4.1 

11.3 
11.0 
17.0 

0.0 
0.1 
0.7 

15.3 

15.8 

4.9 

10.8 
13.3 
16.9 

0.0 

0.1 

62.6 

16.3 

12.3 

1.8 

9.1 

9.1 

16.5 

0.0 
0.0 
0.1 

18.9 

Vo 

11.4 
12.1 
16.6 

oic 

0.2 

15.8 

14.2 

6.4 

9.8 
11.5 
16.9 

0.0 
0.4 

18.1 

15.4 

4.8 

1 

E       2 

!     3 

1 

6.7 
10.6 
16.5 

0.0 
0.0 
0.3 

34.1 

0.8 

9.5 
10.4 
15.8 

Vo 

0.0 

18.3 

16.7 

7.8 

10.1 

io.'s 

0.0 
"  0.6 

17.3 
"5.4 

7.1 

8.5 

12.1 

0.3 
0.0 
0.2 

21.5 
19.0 
14.1 

9.7 
10.0 
14.9 

0.0 
0.0 
0.0 

18.1 

16.0 

8.8 

8.6 
10.1 
15.2 

0.0   19.9 
0.0   17.1 
0.1     6.8 

a  Refers  to  imaginary  horicontal  plane,  see  pp.  10-11. 

b  Refers  to  holes  in  samplix^  tube,  see  p.  12. 

c  Probably  dae  to  channel  flow  of  air;  not  included  in  average. 

As  was  to  be  expected,  samples  of  gas  taken  at  different  times 
showed  many  variations.  The  flow  of  the  blast  after  entering  the 
tuyeres  was  probably  changing  during  the  whole  period,  seeking  escape 
inward  as  well  as  upward  along  the  lines  of  least  resistance.  The 
largest  volume  imdoubtedly  flowed  up  the  side  walls,  and  this,  as 
well  as  the  part  penetrating  toward  the  center,  was  more  or  less  de- 
flected by  the  obstructions  encountered.  Effects  of  such  changes 
were  especially  noticeable  during  preliminary  work,  when  coke  was 
charged  in  varying  sizes  as  received.  This  explains  why  more  xmi- 
form  results  are  obtained  in  practice  by  the  use  of  by-product  coke 
or  anthracite  coal.     During  some  of  the  first  tests,  in  which  large 
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pieces  of  coke  were  used  exclusively,  oxygen  persisted  through  the 
whole  charge  and  was  found  in  the  gas  sample  taken  ahove  the  charge. 
This  condition  was  no  doubt  due  to  the  fact  that  the  large  pieces  of 
coke  against  the  wall  allowed  a  free  and  practically  unobstructed 
passage  to  a  part  of  the  gases.  In  the  tests  the  results  of  which  are 
given  in  tables  1  to  5  all  coke  was  broken  into  3-inch  cubes  or  less. 
The  analyses  of  samples  of  the  gases  present  above  the  chaise  under 
the  conditions  of  the  tests  showed  no  oxygen,  typical  analyses  being 
as  follows: 

Analyses  of  gases  present  above  cupola  charge, 
[L.  L.  Satter,  Jr.,  analyst.] 


Kind  of  gas. 

PoceDtage  of  gas  In  locatkm—  « 

1. 

2. 

3. 

COi 

Percent. 
8.6 
0.0 

ao.6 

Percent. 

10.2 

0.0 

17.8 

Percent. 
14.5 

O* 

0.0 

CO 

$A 

a  Explanation  of  locations  given  In  footnote  on  p.  12. 


DISCrUSSION  OF  BBSXTLTS. 


Figures  5, 6,  and  7  have  been  constructed  from  table  1 .  The  planes 
of  the  cupola  from  which  the  gases  analyzed  were  taken  are  repre- 
sented as  ordinates  and  the  percentages  of  carbon  dioxide,  oxygen, 
and  carbon  monoxide  as  abscissas.  Carbon  dioxide  (CO,)  is  the 
product  of  complete  combustion.  Carbon  monoxide  (CO)  is  the 
product  of  incomplete  combustion.  The  oxygen  (O,)  of  the  blast 
entering  at  the  tuySres  comes  in  contact  with  hot  coke  and  the 
burning  or  combustion  takes  place,  forming  CO,.  This  reaction 
produces  heat  and  raises  the  temperature.  If  the  CO,  comes  in 
contact  with  incandescent  coke  it  takes  up  carbon  from  the  coke 
and  changes  to  CO.  This  reaction  takes  up  heat  and  reduces  the 
temperature. 

GASES   AT  CENTER  LINE  OF  CUPOLA. 

Figure  5,  representing  the  conditions  at  the  center  line  of  the 
cupola,  shows  the  practical  absence  of  oxygen  at  all  sections,  the 
small  quantity  recorded  being  within  the  range  of  the  probable  error 
of  the  method  of  analysis  or  attributable  to  the  chance  penetration 
of  some  small  amount  of  the  blast.  The  changes  taking  place  in 
the  first  6  inches  show  an  increase  of  CO,  and  a  decrease  of  CO,  and 
from  this  point  upward  a  rapid  falling  off  of  CO,  and  a  corresponding 
increase  of  CO. 


OAB  SAMPUHO. 


OASES   43^    IKCHBS    FROU   CENTBB   LINE  OF   CUPOLA. 

Figore  6  represents  the  conditions  4}  inches  from  the  center  and 
by  the  percentage  of  oxygen  shown  indicates  the  penetration  of  the 
blast  at  plane  A.  As  shown  in  the  figure,  the  percentage  of  oxygen 
rapidly  decreased,  being  practically  nothing  6  inches  above,  at  plane 


FBBCBNTAQE  OF  OASES  BY  TOLUMB 


B.  Comparing  the  conditions  at  the  center  and  4^  inches  from  the 
center  as  represented  in  the  figures,  the  COj  percentages  in  both 
caaes  show  the  same  general  increase  through  the  first  6  inches. 
At  41  inches  from  the  center  there  is  no  materia]  change  during  the 
movement  through  the  second  6  inches.     From  this  point  upward 
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through  the  fuel  bed  the  percentage  of  CO,  at  4}  inches  from  the 
center  decreases  but  not  so  rapidly  as  the  percentage  at  the  center. 
The  CO  percentage  4^  inches  from  the  center  decreases  in  the  same 
general  manner  as  the  CO  at  the  center  during  the  passage  of  the 
gases  through  the  first  6  inches.  Through  the  second  6  inches  no 
material  change  takes  place.  From  this  point  up  through  the  bed 
the  proportion  of  CO  at  4}  inches  increases  but  not  so  rapidly  as  that 
at  the  center. 

OASES  9   INCHES  FROM  CENTER   LINE   OF  CUPOLA. 

Figure  7  represents  the  conditions  9  inches  from  the  center  and  4^ 
inches  from  the  lining.  One  inch  above  the  tuyeres  the  oxygen  of 
the  blast  is  reduced  by  an  amount  necessary  to  form  4.5  per  cent 
COj,  and  the  formation  of  CO,  rapidly  increases  in  the  first  6  inches, 


ca  trom  llie  linlDg  Dl  the  cupola.    Llnsj  A,  B,  C,D,  sod  £  nimseat  the  inuflauy  pUnn. 

with  corresponding  decrease  in  0^  and  with  little  formation  of  00. 
These  conditions  indicate  a  fierce  burning  and  a  great  rise  in  tem- 
perature. This  assumption  is  home  out  by  the  rapid  rise  of  the 
temperature  at  plane  B  as  compared  to  the  temperature  at  plane  A. 
(See  also  fig.  15.) 

From  plane  B  the  oxygen  rapidly  decreases  to  practically  nothing 
just  above  plane  D.  The  CO,  remains  practically  constant  from 
plane  B  to  plane  C,  the  CO  increasing  slightly.  During  the  passage 
of  the  gases  through  the  next  6  inches  both  CO,  and  CO  increase. 
This  zone  of  highest  CO,  content,  as  yet  not  materially  affected  by 
the  rise  of  CO,  is  the  hottest  part  of  the  entire  fuel  body.  This 
condition  is  also  indicate<l  in  figure  1.5.  From  this  point  to  the  next 
plane  (E)  7i  inches  above,  the  CO,  decrea.ses  and  the  CO  increases. 
The  temperature  decreases. 
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The  temperature  conditions  at  plane  E  and  at  plane  C  are  nearly 
the  same,  but  the  conditions  for  melting  are  materially  different. 
At  plane  C  there  is  a  supply  of  oxygen  that  would  undoubtedly 
cause  oxidation  of  the  metal  and  resultant  loss.  Wliether  the  amoimt 
of  iron  melted  at  this  plane  would  be  oxidized  sufficiently  to  affect 
seriously  castings  made  from  the  whole  tonnage  was  not  determined 
by  these  investigations,  but  if  certain  conclusions,  based  on  the  tests 
at  St.  Louis,**  as  to  the  effect  of  burned  metal  on  casting  are  correct, 
it  is  safe  to  assume  that  the  chances  favor  the  production  of  defective 
castings. 

PROBABLE   COMBUSTION   AREA. 

The  broken  line  in  figure  8,  represents  the  upper  boundary  of  the 
region  of  gases  containing  free  oxygen. 

As  indicated  in  figure  8, 
the  actual  combustion  of 
the  fuel  takes  place  in  the 
fuel  bed  around  a  region 
having  the  shape  of  an 
inverted  cone;  the  apex  of 
this  cone  is  at  the  center  on 
the  level  of  the  bottom  of 
the  tuydres  and  its  surface 
flares  out  to  the  lining  at 
a  point  20  inches  above. 
If  melting  be  kept  above 
the  base  of  this  cone,  no 
oxidation  will  occur. 


PROBABLE  LINE  OF  HIGHEST 
TEMPERATURE. 

Considering  the  region  of     *^^^»'  8.-Section  of  cupola  showing  upper  boundary  of 
^  ^  region  of  oombostion. 

gases  highest  in  CO,  content 

and  devoid  of  O,  (see  figs.  5,  6, 7,  and  8),  and  considering  the  plotted 
line  of  highest  CO,  content  at  each  plane  as  a  Une  of  demarcation,  the 
line  ah  in  figure  9  shows  in  cross  section  the  probable  shape  of  the 
top  of  the  fuel  bed  as  defined  by  the  points  of  highest  temperature. 
If  it  were  possible  so  to  charge  the  cupola  that  melting  would  take 
place  along  or  just  above  such  a  line  (or,  rather,  surface)  as  is  indi- 
cated in  this  figure,  ideal  results  would  be  obtained  both  as  regards 
temperature  and  absence  of  oxidation.  Since  it  is  not  possible  to 
confine  the  melting  to  this  irregular  region,  the  best  condition  for 

•  Mdldenke,  Richard,  The  fM>ke  industry  of  the  United  States  as  related  to  the  foundry:  BuU.  3,  Bureau 
oflfines,  1910,p.l9. 
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melting  is  obtained  at  that  section  across  the  whole  of  the  fuel  bed 
that  shows  the  highest  temperature  together  with  absence  of  oxygen. 
This  condition,  as  shown  by  the  tables  of  temperatures  and  of  analyses 
of  the  gases,  exists  just  above  plane  Z),  about  20  inches  above  the 
tuydres.  It  is  not  possible  to  do  all  melting  at  this  particular  plane, 
but  the  melting  can  be  so  confined  and  regulated  that  none  takes 
place  below  this  plane. 

The  height  of  the  melting  zone  above  this  plane  is  determined  by 
the  physical  condition  of  the  coke  and  the  rate  of  heat  absorption  of 
the  iron.  If  the  coke  is  porous,  the  charges  of  iron  should  be  small 
to  prevent  the  coke  burning  out  and  letting  the  iron  down  into  the 
oxidizing  zone  before  melting  is  accomplished.    If  the  coke  is  heavy 

and  dense,  or  if  anthracit'e 
coal  is  used,  the  charges 
may  be  made  larger,  as  the 
fu^  will  bum  more  slowlj*^ 
and  give  a  longer  time  for 
melting.  In  some  region 
above  this  zone  of  highest 
temperature  the  tempera<- 
ture  is  still  high  enough  to 
melt  iron  but  is  not  high 
enough  to  impart  heat 
quickly  and  to  give  hot 
iron.  This  melted  iron 
passes  through  the  lower 
zones,  although  the  tem- 
perature in  these  zones  be 
exceedingly  high,  too  rap- 
idly for  the  absorption  of 
enough  heat  to  raise  its  temperature  materially,  and  cold  iron  is  the 
result.  The  experiments  here  reported  confirm  the  general  opinion 
that  the  hot  test  part  of  the  cupola  is  where  the  lining  is  most  burned 
out.  A  curved  line  drawn  to  represent  the  burned-out  lining  corre- 
sponds closely  with  the  curves  drawn  to  represent  the  heat  absorbed 
at  the  several  planes  previously  described. 

▲LTEBATIOV  OF  CXTPOLA  IiOnNO. 

A  study  of  the  data  shown  in  table  1  led  to  the  conclusion  that  the 
amount  of  coke  necessary  for  melting  could  be  reduced  by  changing 
the  lines  of  the  cupola  from  the  straight  to  the  boshed  form.  Accord- 
ingly the  lining  was  drawn  in  to  23  inches  at  the  tuyftres,  tapered  to 
the  original  lines  of  27  inches  at  15  inches  above  the  tuyftres,  and  con- 
tinued straight  from  this  point.  It  was  thought  that  the  blast  enter- 
ing at  the  tuydres  would  penetrate  farther  toward  the  center  of  the 
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FiovBi  9.— Probable  line  of  highest  temperature. 
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cupola  and  a  smaller  volume  of  air  would  escape  up  the  side  walls 
without  first  coming  in  contact  with  hot  coke.  This,  it  was  hoped, 
would  cause  the  loss  of  all  the  oxygen  at  a  lower  point  in  the  fuel 
bed  and  would  lower  the  zone  at  which  the  iron  could  be  melted 
without  its  quality  being  seriously  affected.  The  zone  of  highest 
temperature  was  expected  to  follow  the  zone  where  oxygen  disap- 
peared, as  in  the  case  of  the  straight  lining,  but  no  attempt  was 
made  to  determine  whether  this  relation  held. 


RESULTS  OF  ANALYSES  OF  GASES  FBOM  CUPOLA  OF  BOSHED 

CONSTRUCTION. 

Table  2  shows  typical  analyses  of  gases  sampled  after  alteration  of 
the  lining  but  taken  from  the  same  locations  as  were  the  gases  whose 
analyses  appear  in  table  1.    Table  2  follows: 

Tablb  2. — Analyses  of  gases  from  cupola  of  boshed  construction, 

[Is.  L.  Satler,  Jr.,  analyst] 


Plane.* 
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No.6 
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B 
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I            3 
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1 

2 
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a7 
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aSeep.  7. 


ft  See  p.  12. 


The  penetration  of  oxygen  was  affected,  as  may  be  seen  by  com- 
paring the  analyses  with  those  of  table  1,  but  the  oxygen  persisted 
up  through  the  whole  bed.  The  analysis  of  the  gas  at  the  point  rep- 
resented by  D3  of  the  table  shows  3.3  per  cent  O,,  as  compared  with 
0.4  per  cent  at  the  corresponding  location  with  the  original  straight 
lining  (table  1).  The  drawing  in  of  the  lining  materially  increased  the 
blast  pressure  (from  3.6  to  5.5  ozs.) ,  and  the  flow  of  gas  was  accelerated 
to  such  an  extent  that  the  time  of  contact  with  the  coke  was  not 
sufficient  to  rob  the  blast  of  its  oxygen. 
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TEMFERATTTRES. 
DI7FICUI.TIE8  OF  KEASUBEXEHT. 

Measuring  temperatures  in  the  fuel  bed  of  the  cupola  presents 
many  difficulties  and  all  attempts  to  get  actual  temperatures  failed. 
Descriptioiis  of  the  several  forms  of  apparatus  used  in  the  varioua 
tests  here  reported  are  given  somewhat  in  detail  for  two  purposes:  (1) 
To  draw  attention  to  the  many  difficulties  encountered  durii\g  this 
part  of  the  investigation,  and  (2)  to  render  these  experiments  more 
serviceable  to  future  investigators.  Diligent  search  of  all  available 
literature  failed  to  reveal  accounts  of  attempta  to  determine  the 
actual  temperature  in  the  interior  of  the  fuel  bed  of  the  cupola  or 
in  other  metallurgical  operations  on  the  same  scale.  Measurements 
have  been  attempted  at  points  on  or  near  the  furnace  walls,  but  not 
at  points  over  a  considerable  cross-sectional  area. 

USE  OF  PLATINim-BHODIUaC  ISEBXOCOUTISS. 

It  was  first  decided  to  take  temperatures  by  means  of  platinum- 
rhodium  thermocouples  introduced  into  the  fuel  bed  through  clay 


FiouBR  10.— SectiuD  Dl  Qre-clay  tube  wUh  pluliuuiu-rbodlum  Ihcnnocoupln  Insertrd. 

tubes,  as  shown  in  figure  10.  The  thermocouples  were  so  placed  that 
readings  were  obtained  at  the  center  of  the  cupola  (a,  iig.  10),  at  a 
point  4}  inches  from  tlie  center  toward  the  lining  {b,  fig.  10),  and  et 
a  point  9  inches  from  the  center  and  4}  inches  from  the  lining  (c,  fig. 
10).  The  positions  of  the  points  are  the  same  as  those  from  which 
gas  samples  were  taken.  The  tubes  were  specially  prepared  from 
mixtures  of  the  most  highly  refractory  clays  that  could  be  obtained. 
In  plane  A,  just  above  the  tuyeres,  the  tubes  stood  up  well,  and  direct 
reading  of  temperature  were  obtained.  Readings  over  IS-minute 
periods,  taken  each  minute,  showed  an  average  temperature  of 
2,593°  F.,  2,430°  F.,  and  1,576°  F.,  at  points  represented  by  a,  b, 
and  c  of  figure  10;  the  maximum  variation  at  any  one  point  was 
122°  F.  Above  plane  A  the  tubes  were  sheared  off  at  their  point  of 
entrance  through  the  wall  by  the  movement  of  the  chai^.  To 
prevent  this  shearing  a  pier  of  magnesite  brick  was  constructed  to 
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support  the  ends  of  the  tubes.  Although  the  pier  prevented  shear- 
ing, it  was  of  no  avail  in  obtaining  readings,  as  the  clay  tubes  were 
melted  at  all  planes  above  plane  B.  At  the  center  of  the  cupola  in 
plane  B  the  thermocouple  was  melted,  indicating  a  temperature  above 
3,100^  F.  As  a  result  of  these  tests,  the  use  of  the  platinum-rhodium 
thermocouples  was  abandoned. 

TTSB  OF  OPTICAL  PYBOMBTBB  AND  WATER-COOLED  TUBE. 

The  next  step  was  an  attempt  to  obtain  temperatures  with  an 
optical  pyrometer  by  observation  through  a  water-cooled  iron  tube 
with  a  glass-covered  opening  at  one  end.  A  cross  section  of  the  tube 
is  shown  in  figure  11.  It  was  fully  appreciated  that  the  readings 
obtained  would  not  represent  actual  temperatures  on  account  of 
the  cooling  effect  of  the  water-cooled  tubes,  but  it  was  hoped  that 
approximate  temperatures  showing  the  temperature  differences  be- 
tween planes  would  be  obtained  and  that  they  could  be  expressed  in 


FlointB  11.— Section  of  water-oooled  Iron  tube  used  in  taking  temperature  readings. 

d^ees  of  temperature  with  an  explanation  as  to  the  limitations  of 
the  method.  It  was  thought  that  at  any  given  point  the  highest  read- 
ing obtained  during  the  whole  period  of  the  test  would  approximate 
the  true  temperature  at  that  point.  However,  the  averages  of  five 
temperature  readings  made  at  each  of  five  points  at  different  heights 
on  a  vertical  line  at  the  center  of  the  cupola  proved  to  be  practically 
the  same  as  were  the  highest  temperature  readings  at  each  of  the 
points.  It  was  thought  that  the  true  temperatures  at  the  center 
of  the  cupola  might  possibly  be  as  uniform  as  tliese  readings  indicated, 
since  no  analysis  of  the  gases  taken  at  any  time  showed  an  appre- 
ciable amount  of  oxygen,  and  therefore  indicated  that  there  was 
no  combustion.  Further  tests  with  the  ends  of  the  tubes  at  varying 
distances  from  the  side  wall  continued  to  show  for  all  points  in  any 
vertical  line  practically  the  same  average  temperature  and  the  same 
high  temperature.  It  was  thought  that  this  condition  might  be  due 
to  the  fact  that  the  ends  of  the  water-cooled  tubes  were  in  direct 
contact  with  the  coke. 
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DflB  or  CLAY   PBOTECTIKO  TIPS. 

With  the  hope  of  further  perfecting  the  apparatus,  a  clay  protecting 
tip  (fig.  12)  was  placed  over  the  end  of  each  of  the  water-cooled 
tubes,  extending  a  distance  of 
2  inches.  This  made  possible  the 
reading  of  the  temperature  of 
coke  that  was  not  in  direct  con- 
tact with  the  water-cooled  tubes. 
These  protecting  tips  were  melted, 
like  the  clay  tubes,  but  held  up 
long  enough  to  show  the  same 
uniform  readings  as  with  the  un- 
protected tubes. 


Fnnu  13.— BaoUoo  ol  nUy  proHcUas  Up. 


mecOBBtoa  or  rbsultb. 


Tables  3  and  4  show  typical  readings  of  temperatures  taken  through 
water-cooled  tubes  with  an  optical  pyrometer.    The  tables  follow: 

Table  3. —  Tempenuura,  °Ffl. 
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Table  4,—  Ttmpmitura,  "F." 
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USX  OF  WATBA-OOOLBD  COPPER  TT7BB. 

The  tube  shown  in  figure  13  was  finally  adopted  as  a  device  for 
determining  the  amount  of  heat  absorbed  per  minute  at  different 
depths  in  the  fuel  bed.  A  |-inch  copper  tube  32  inches  long  was 
closed  at  one  end  by  welding  in  a  circular  piece  of  steel.  A  i-inch  tube 
inserted  at  one  end  and  extending  to  the  farther  end  provided  a  means 
for  circulating  water  through  the  tube.     This  tube  was  inserted  differ- 


Fmuix  13.— 8«ctioo  of  water-coded  copper  tube  used  for  dAtflrmlnlng  amount  of  heat  absorbed  per  minute 

at  different  depths  of  the  fuel  bed. 

ent  distances  into  the  fuel  bed  and  the  heat  absorbed  by  a  measured 
quantity  of  water  during  a  definite  period  of  time  was  determined. 
The  flow  of  water  was  kept  as  nearly  constant  as  possible.  The 
average  amount  for  each  test  was  150  pounds  in  all;  or  10  pounds  per 
minute.  The  temperature  of  the  inlet  and  outlet  water  was  obtained  by 
means  of  mercurial  ther- 
mometers. Readings  of 
the  temperature  of  the 
inflowing  and  outflowing 
water  were  made  each 
minute  during  a  test. 
These  readings  were  sepa- 
rately averaged.  The  dif- 
ference between  the  aver^ 
age  temperatures  over  a 
definite  period  multiplied 
by  the  total  weight  of 
water  circulating  through 
the  tube  during  that  pe- 
riod gives  the  total  heat 
absorbed.  This  total  di- 
vided by  the  total  number 
of  minutes  of  the  test  gives 
the  heat  absorbed  per 
minute.     Figure  14  shows 

how  the  tubes  were  placed  in  the  cupola.  The  copper  tubes  were 
thoroughly  cleaned  before  each  test  and  the  conditions  were  made 
as  uniform  as  possible  in  all  respects.  Only  two  tubes  were  used 
during  any  one  test.  They  were  placed  at  least  12  inches  apart  in 
order  to  prevent  a  possible  reduction  of  temperature  by  radiation  of 
heat  from  coke  surroimding  one  tube  to  the  other  tube  if  the  two 


FiovBE  14.— Section  of  cupola  showing  location  of  water-cooled 

copper  tubes. 
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were  in  close  proximity.     Plate  I,  B,  shows  details  of  apparatus  as 
used  for  determining  the  heat  absorbed. 

BXSITLTS  WITH  XT8B  OF  WATBB-OOOLED  COPPEB  TUBS  8. 

Table  5  shows  the  heat  absorbed  per  minute  at  the  different  planes. 
The  tubes  were  inserted  in  the  fuel  bed  to  distances  corresj>onding 
with  the  points  from  which  the  gas  samples  were  taken.  For  location 
1  of  the  table  the  tube  was  inserted  13^  inches  (from  the  lining  to  the 
center  of  cupola) ;  for  location  2 , 9  inches ;  and  for  location  3^  4^  inches. 
Table  5  follows: 

Table  5. — Heat  abwrhed  per  mintUe  at  different  locatioru  in  the  fuel  bed^  B.t.u. 
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Test  No.- 

Aver- 

1. 
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The  heat  measurements  by  the  copper  tubes  show  the  heat  absorbed 
by  the  tubes  over  the  whole  distance  to  which  they  were  inserted  and 
not  the  heat  at  some  particular  point  in  the  fuel  bed.  As  in  the  case 
of  the  gas  analyses,  the  observations  varied  considerably.  Allow- 
ance being  made  for  the  crudeness  of  the  method,  the  variations  are 
not  surprising. 

GRAPHIC  REPRESENTATION  OF  RESULTS. 

Figures  15  and  16  show  graphic  representations  of  the  results. 

AVERAGES. 

Figure  15  gives  a  graphic  representation  of  the  averages  of  the  obser- 
vations at  each  location,  which  are  believed  to  show  the  relative  tem- 
peratures of  the  several  planes  measured.  The  heat  absorbed  per 
minute  is  shown  as  abscissas  and  the  heights  (planes)  as  ordinates. 
From  this  figure  it  will  be  noted  that  the  greatest  amount  of  heat  was 
absorbed  at  plane  D.  At  plane  A,  with  tube  inserted  4^  inches,  the 
cooling  effect  of  the  blast  is  evident,  the  heat  absorbed  being  small. 
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As  the  height  above  the  tuyftrea  increases  the  temperature  steadily 
B  up  to  plane  D,    Curve  1,  representing  the  heat  absorbed  in 


USAI  AB80BBBD  PEB-HINUTB.aT.U, 

nausB  IS.— DIunua  tliawlnc  varktloa  In  number  at  BrilMillumul  untti  iburbad  at  dlflmnt  bali^ti 
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each  section  when  the  tubes  were  inserted  over  the  whole  radius  of 
the  cupola,  shows  that  the  height  above  the  tuyeres  where  the  greatest 
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heat  existed  over  the  whole  cross-section  of  the  fuel  bed  was  at  D,  19 
inches  above  the  tuyeres. 


The  heat  absorbed  in  each  plane  of  the  cupola  is  shown  by  the 
curves  in  figure  16.  The  figures  representing  the  heat  absorbed  in  the 
first  4}  inches  from  the  lining  are  direct  determinations. 

The  figures  for  the  second  4)  inches  are  obtained  by  deducting 
the  amount  found  for  the  first  4}  inches  from  the  amount  found  for 
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9  inches,  and  for  the  third  4)  inches  by  subtracting  the  amount  found 
for  the  9  inches  from  the  total  for  the  whole  13)  inches.  In  the 
zone  between  the  lining  and  a  line  4^  inches  within,  the  temperature 
increased  rapidly  through  the  lower  19  inches.  Through  the  next 
7i  inches  it  was  practically  unchanged. 

A  comparison  with  the  gas  curve  shown  in  figure  7  shows  that  the 
temperature  followed  the  increase  of  CO,  to  plane  D,  19  inches  above 
the  tuydres.  Through  the  next  7)  inches  the  CO,  fell  off  though  the 
temperature  was  constant,  the  amount  of  CO  formed  seemingly  not 
absorbing  enough  heat  to  reduce  the  temperature.  In  the  region 
included  between  lines  ^  and  9  inches  distant  from  the  lining  the 
temperature  increased  to  plane  C,  13  inches  above  the  tuydres  and 
fell  off  from  this  point  upward.  This  temperature  curve^  when 
compared  with  the  gas  curves  presented  in  figure  6,  shows  that  the 
increase  of  heat  followed  the  increase  of  CO,  up  to  plane  C;  then  fell 
rapidly  through  the  next  two  planes  as  the  CO  rose.  In  the  third 
region,  included  between  lines  9  and  13}  inches  from  the  lining  and 
representing  the  central  part  of  the  cupola,  the  temperature  rose 
through  the  first  6  inches,  fell  off  through  the  second  6  inches, 
remained  constant  through  the  next  6  inches,  and  finally  increased 
rapidly  through  the  last  7^  inches.  Comparing  this  curve  with  the 
gas  curves  of  figure  5,  the  temperature  curve  is  found  to  follow  the 
CO,  curve  through  the  first  12  inches.  From  this  point  up  through 
the  remaining  13)  inches  of  the  fuel  bed,  the  temperature  would  be 
expected  to  fall  considerably  since  the  CO,  decreases  and  the  CO  in- 
creases. The  actual  determination  of  the  heat  absorbed  shows 
the  reverse  to  be  true.  The  rapid  change  of  CO,  to  CO  absorbed  heat 
and  cooled  the  central  part  of  the  cupola  below  the  surrounding 
portions.  The  flow  of  heat  from  the  hotter  to  the  cooler  portion 
increased  the  temperature  of  this  central  part. 

As  it  was  not  possible  to  make  true  temperature  measurements  at 
the  several  points  corresponding  with  the  points  from  which  the  gas 
samples  were  taken,  it  is  not  possible  to  confirm  the  probable  location 
of  the  points  of  highest  temperature  as  shown  in  figure  9.  However, 
by  the  use  of  the  curves  shown  in  figure  15,  it  is  possible  to  confirm  the 
conclusion  that  the  best  melting  zone  is  where  the  highest  tempera- 
ture and  an  absence  of  oxygen  exist  throughout  the  whole  cross 
section  of  the  fuel  bed.  An  examination  of  the  curves  shows  that 
the  region  of  highest  temperature  corresponds  with  that  region  where 
oxygen  is  entirely  absent  across  the  whole  cross  section.  This  region 
is  about  19  inches  above  the  tuydres. 

CONCIiUSIONS. 

The  ideal  melting  region  probably  corresponds  to  that  lying  along 
and  just  above  the  hne  ab  of  figure  9.  This  line  includes  points  in 
the  figure  representing  those  points  in  the  cupola  having  highest 
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carbon-dioxide  content  together  with  an  absence  of  oxygen,  as 
determined  from  analysis  of  the  gases.  It  is  manifestly  impossible 
to  confine  melting  to  such  a  region,  and  the  logical  conclusion  from 
the  experiments  here  reported  is  that  the  best  results  are  obtained 
if  the  iron  is  melted  at  that  region  in  the  cupola  where  the  highest 
temperature,  tc^ether  with  an  absence  of  oxygen,  exists  across  the 
whole  fuel  bed.  The  bottom  of  this  region  in  the  cupola  tested  was 
19  inches  above  the  tuydres  when  1,000  cubic  feet  of  air  per  minute 
was  being  blown.  This  region  will  be  raised  if  the  blast  is  increased 
and  be  lowered  if  the  blast  is  reduced.  Experimental  determination 
of  this  r^on  is  not  necessary.  In  practice,  the  bellying  out  of  the 
lining  of  the  cupola  is  a  perfect  index  of  the  position  of  the  melting 
zone,  and  this  bellying  is  in  the  region  where  temperature  is  highest 
and  oxygen  is  absent. 

Care  must  be  taken  not  to  melt  below  the  bottom  of  this  region, 
for,  the  oxygen  of  the  blast  not  being  entirely  removed,  the  iron  will 
be  oxidized  or  burned.  The  extent  of  this  burning  is  dependent  on 
the  distance  below  the  proper  melting  region  and  the  lateral  position 
in  the  fuel  bed.  Just  below  the  bottom  of  this  melting  region  oxygen 
is  still  found  at  the  lining  and  the  cross-sectional  area  of  this  oxi- 
dizing region  increases  as  the  distance  downward  increases  until  the 
whole  cross  section  at  the  tuydres  shows  the  presence  of  this  dami^ing 
element.  The  whole  problem  of  obtaining  hot  iron,  free  from  effects 
due  to  oxygen,  is  solved  by  using  small  charges  evenly  distributed 
on  the  fuel  bed,^  and  confining  the  melting  to  a  few  inches  above  the 
plane  shown  by  the  burning  out  of  the  lining  to  be  the  hottest  plane 
of  the  fuel  bed.  If  the  first  charge  of  iron  is  so  placed  that  melting 
begins,  say,  4  or  6  inches  above  this  plane  and  is  completed  before 
any  of  the  iron  gets  below  it,  and  if  the  following  coke  and  iron 
charges  are  so  regulated  as  to  maintain  this  melting  zone,  the  best 
possible  results  will  be  obtained. 

The  experiments  here  reported  indicate  further  that  the  use  of 
upper  tuydres  is  not  only  unnecessary  but  a  positive  detriment  to  the 
production  of  the  best  iron.  The  introduction  of  air  into  the  fuel  bed 
above  the  tuydres,  even  though  in  small  volume,  increases  the  lia- 
bility of  injurious  effect  from  oxygen  and  serves  no  useful  purpose. 
The  increased  tonnage  supposed  to  be  obtained  by  the  use  of  upper 
tuydres  can  be  produced  just  as  easily  by  blowing  through  the  bottom 
tuyJres  the  proper  volume  of  air. 

aMotdenke,  Richard,  The  coke  Indnttry  of  tba  United  Statei  as  related  to  the  foundry.    BnU.  8, 
Bttraau  of  Mines,  1913,  p.  22. 
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THE  COMMERCIAL  TREND  OF  THE   PRODUCER-GAS 
POWER  PLANT  IN  THE  UNITED  STATES. 


By  R.  H.  Fernald. 


INTRODUCTION. 

In  investigating  general  problems  that  relate  to  the  fuel  resources  of 
this  coiuxtry,  and  in  testing  fuels  belonging  to  or  for  the  use  of  the 
Government,  the  Bureau  of  Mines  has  given  considerable  attention  to 
the  efficiency  and  economic  value  of  producer-gas  power  plants. 
Government  inquiries  during  the  past  eight  years  not  only  have  shown 
a  very  low  fuel  consumption  per  horsepower-hour  for  these  plants  but 
have  demonstrated  conclusively  the  possibility  of  utilizing  commer- 
cially low  grades  of  bitiuninous  coal,  lignite,  and  peat  in  plants  prop- 
erly designed  for  the  use  of  these  fuels.  The  anthracite  plant  has 
been  recognized  as  a  commercial  possibility  for  several  years,  although 
the  cost  of  the  fuel  used  has  in  general  restricted  these  plants  to  com- 
paratively small  units. 

The  conmiercial  development  of  the  producer-gas  power  plant  in 
the  United  States  has  been  largely  within  the  past  six  or  eight  years. 
In  1909  the  United  States  Geological  Survey  published  in  a  bulletin" 
entitled  *' decent  Development  of  the  Producer^as  Power  Plant  in 
the  United  States**  a  list  of  producer-gas  power-plant  installations. 
The  data  presented  in  that  bulletin  showed  a  strong  development  in 
this  field  and  led  to  much  conjecture  as  to  the  future  of  this  type  of 
power.  Owing  to  the  extensive  introduction  of  the  steam  turbine, 
however,  many  persons  predicted  the  abnost  immediate  doom  of  the 
producer-gas  plant.  In  addition  to  the  inroads  made  by  this  fonpida- 
ble  rival,  the  interest  of  the  gas-engine  enthusiasts  became  centered 
to  such  an  extent  in  the  oil  engine  that  the  gas  producer  was  relegated 
to  second  place  by  many  and  absolutely  abandoned  by  some.  During 
the  past  tiiree  years  the  belief  of  many  who  were  formerly  firm  be- 
lievers in  the  gas  producer  has  been  that  this  type  of  power  has 
reached  its  height  of  development  in  this  country  and  that  from  a 
commercial  standpoint  it  can  no  longer  be  regarded  as  a  complete 
success.    This  feeling  of  commercial  decadence  has  become  so  general 

a  Fernald,  R.  H.,  Recent  development  of  the  prodocei^fiBS  power  plant  In  the  United  States,  U.  S.  Oeol. 
Survey  Bull.  416, 1909, 82  pp.    Reprinted  as  Bull.  9,  Boreau  of  Mines. 
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that  the  facts  gleaned  from  an  inspection  of  the  summaries  and  charts 
presented  in  this  bulletin  wiU  undoubtedly  surprise  those  who  have 
regarded  the  immediate  downfall  of  the  producer  as  inevitable. 

In  1909  the  estimated  horsepower  of  gas  and  of  oil  engines  installed 
for  industrial  pmrposes  in  the  United  States  was  800,000,  as  reported 
by  Louis  B.StiUwell." 

It  is  hardly  possible  to  arrive  at  a  correct  estimate  of  the  total  gas- 
engine  horsepower  in  the  world  at  the  present  time,  but  excluding 
automobile  engines,  8,000,000  horsepower  is  perhaps  a  conservative 
estimate.  Possibly  2,000,000  to  2,500,000  horsepower  of  gas  engines, 
large  sizes  mainly,  is  derived  from  the  waste  gases  of  blast  furnaces; 
the  remainder  is  derived  from  illuminating  gas,  natural  gas,  producer 
gas,  and  the  various  liquid  fuels. 

In  considering  the  above  estimates  it  is  of  interest  to  note  the 
figures  presented  on  another  page  which  show  that  in  the  United 
States  gas  engines,  with  an  aggregate  capacity  of  about  200,000  horse- 
power, derive  their  power  from  producer  gas,  and  that  with  an  a^re- 
gate  rating  of  350,000  horsepower  or  more  derive  their  power  from 
blast-furnace  and  coke-oven  gas. 
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VIEWS  OP  MANUFACTURERS  OP  PRODUCER-GAS  POWER 

PLANTS. 

An  effort  has  been  made  during  the  past  six  years  to  follow  with 
some  degree  of  accuracy  the  commercial  trend  of  the  development  of 
the  producer-gas  power  plant.  To  do  this  satisfactorily  it  is  im- 
portant to  know  the  point  of  view  of  both  the  manufacturer  and  the 
owner  of  such  a  plant.  The  following  question  was,  therefore,  ad- 
dressed to  several  manufacturers  of  gas  producers  in  1906,  in  1909, 
and  again  in  1912: 

To  what  extent  is  the  demand  for  gas  engines  and  gas  producers  and  the  interest 
in  the  same  growing? 

The  replies  received  in  1906  embraced  the  following: 

1.  We  believe  there  is  a  waiting  and  almost  unlimited  demand  for  producer  power 
plants  as  soon  as  the  manufacturers  have  something  definite  to  offer  and  can  guarantee 
quick  installation  and  certain  results. 

•  •*  Etoctildty  and  the  Conservation  of  Energy/'  address  delivwed  in  New  Toik  City,  ICaraii  M,  1900,  at 
a  meeting  for  diswiairing  oonserration  of  natural  resooroes. 
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2.  The  demand  for  gas  engines  and  gas  producers  is  growing  considerably.  We  have 
this  month  closed  for  an  S^OOO-horsepower  gas-producer  plant,  and  have  on  our  book 
negotiations  pending  for  over  200,000  horsepower. 

3.  The  demand  for  gas  engines  and  gas  producers  is  at  present  seemingly  limited 
only  by  the  output,  we  ourselves  having  orders  way  ahead  and  all  the  business  we 
can  possibly  fill.  Were  we  to  go  out  after  business  we  would  inunediately  swamp  the 
iauctary.  These  plants  are  giving  such  excellent  results  in  the  field  that  they  are 
bound  to  replace  steam  for  almost  all  uses,  and  in  consequence  the  field  may  be  said 
to  be  almost  unlimited. 

4.  The  demand  for  gas  producers  and  the  interest  manifested  in  them  seems  to  be 
growing  very  rapidly,  as  indicated  by  the  number  of  inquiries  received  at  our  office 
and  by  our  agents  in  different  parts  of  the  country. 

5.  According  to  inquiries  which  we  are  constantly  receiving  we  judge  that  the 
interest  in  the  question  of  gas  producers  and  gas  engines  is  growing  considerably,  and 
all  indications  lead  us  to  believe  that  the  proposition  to  install  gas-power  plants  will 
be  a  very  important  one  in  this  country  before  long. 

6.  Our  correspondence  indicates  a  continually  growing  demand  for  gas  producers  for 
power  purposes,  especially  those  adapted  for  running  on  soft  coals. 

7.  There  has  probably  never  been  a  mechanical  production  more  widely  or  thor- 
oug^y  advertised  at  such  an  early  period  of  its  history  in  this  country  as  the  suction 
pvoducer-gas  power  equipment.  Much  of  this  advertising  has  aroused  ciuriosity  among 
people,  many  of  whom  are  not  contemplating  a  purchase.  On  the  other  hand,  the  fuel 
economy  is  so  remarkable  that  manufacturers  with  a  reputation  for  reliable  goods  and 
with  the  fuel  guaranties  they  offer,  backed  by  unquestioned  responsibility,  are  able 
to  sell  their  product  with  very  little  effort. 

8.  The  gas-producer  business  and  the  uses  to  which  they  have  been  applied  have 
increased  about  50  per  cent  within  the  past  10  years,  and  are  still  growing.  We 
should  imagine  that  the  next  10  years  would  show  a  hx  greater  improvement.  We 
think  producer  gas  is  yet  in  its  infancy  as  to  various  applications. 

9.  The  demand  for  gas  engines  and  gas  producers  is  growing  in  that  field  where  the 
price  of  coal  is  highest,  and  for  that  reason  any  commercial  tests  in  suitable  gas  pro- 
ducers that  will  use  the  fuel  of  the  district  wiU  be  of  value. 

10.  There  is  no  doubt  that  the  gas  engine  itself  is  nowadays  in  such  a  state  of  per- 
fection that  its  use  is  bound  to  become  general  for  power  production  as  soon  as  the 
possibility  of  using  bituminous  coal  to  a  large  extent  has  been  proved. 

The  manuf acturers'  feeling  of  assured  success  of  the  producer-gas 
power  plant  and  its  brilUant  future  was  again  strongly  aflSrmed  in 
the  replies  for  1909,  including  the  following: 

1.  It  18  quite  certain  that  not  only  the  interest  in  producer-gas  power  in  this  country 
is  still  growing,  but  the  actual  plants  being  installed  are  very  markedly  increasing 
both  in  number  and  size  and  variety  of  service.  This  has  resulted  in  a  great  stimulus 
for  this  type  of  producer  plant  by  some  of  the  largest  and  most  conservative  users  of 
power  in  the  country,  such  as  the  public-service  corporations. 

2.  Our  experience  is  that  the  demand  for  gas  engines  and  gas  producers  is  showing  a 
logical  growth.  In  the  small  and  mediiun  sized  plants  the  particularly  high  efficiency 
compared  with  steam-plant  operation  makes  the  field  for  this  class  of  apparatus  very 
large,  and  a  great  deal  of  it  is  being  bought.  In  large  plants,  involving  the  use  of 
units  say  above  500  kilowatts,  the  general  economic  superiority  of  plants  of  this  class 
is  not  so  heavy,  although  there  are  spedal  cases  where  large  gas  engines  are  of  great 
economic  value. 

3.  There  is  a  decided  growth  when  used  for  power  purposes  only  and  where  factory 
heating  is  not  an  essential  factor,  also  where  producer  gas  is  used  for  furnace  pur- 
poses. Producer  gas  is  rapidly  being  adopted  for  power  and  fuel  purposes,  while 
steam  is  usually  installed  (at  present  prices  of  coal)  for  power  and  heating. 
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4.  We  find  the  demand  for  gas  engines  increasing  very  rapidly,  having  sold  more 
engines  since  the  first  of  the  year  than  we  had  in  any  two  years  previous.  Our  shop 
at  present  is  weU  fiUed  with  orders.  The  inquiries  for  producer  plants  are  earning  in 
very  rapidly  since  the  gas  producer  has  been  brought  up  to  its  present  state  d  per- 
fection. 

5.  It  appears  that  the  demand  for  equipment  of  this  character  has  kept  up  in  spite 
of  the  recent  financial  depression  and  business  reaction.  This  should  be  interpreted 
as  an  increase  in  the  interest  in  the  fuel  ecomony  usually  obtamable  in  this  class  of 
machines. 

6.  Strongly.  Can  take  orders  in  only  one  or  two  sizes  for  anything  under  eight 
months'  delivery. 

7.  We  believe  that  the  demand  for  gas  engines  and  gas  producers  is  considefBbly 
increased,  both  in  the  large  and  small  installations.  This  is  evidenced  by  the  &ct 
that  there  are  a  number  of  builders  of  good  anthracite  suction  producers  who  find 
considerable  business  in  the  small  units,  while  we  have  received  many  duplicate 
orders  for  additional  units,  showing  the  tendency  is  to  favor  the  gas  producer  and  gas 
engine  in  central  power  plant  work. 

8.  From  inquiries  we  are  daily  receiving  for  producer-gas  power  plants,  it  certainly 
looks  as  though  power  users  are  beginning  to  realize  the  advantages  in  a  produoer-gas 
plant,  and  our  opinion  is  that  the  producer  is  going  to  make  a  very  rapid  stride  within 
a  year  or  so.  ^ 

9.  By  the  inquiries  received  by  us  and  the  requests  for  informi^tion  and  for  quota- 
tions, on  power  equipment,  as  well  as  by  sales  actually  made,  we  should  judge  that  the 
interest  and  demand  for  gas  engines  and  gas  producers  is  growing  very  rapidly.  There 
is  further  an  inclination  on  the  part  of  the  laiger  power  users  to  consider  Uiis  type  of 
prime  mover  that  was  not  apparent  two  or  three  years  ago.  Formerly  the  majority  of 
our  inquiries  were  for  producers  ranging  from  25  to  100  horsepower  capacity.  This 
year's  business  has  been  made  up  very  largely  of  producer  equipment  ranging  from 
200  horsepower  upward.  We  take  this  as  an  indication  that  considerable  of  the  doubt 
previously  entertained  by  the  general  public  as  to  the  reliability  of  producer-gas 
equipment  has  been  eliminated,  and  that  power  users  are  having  increased  confidence 
in  this  sort  of  equipment. 

10.  The  general  interest  in  gas  engines  and  producer-gas  power  plants  is  constantly 
growing,  judging  from  the  increasing  number  of  inquiries  which  we  have  been  receiv- 
ing during  the  past  year  regarding  this  t>'pe  of  apparatus.  This  interest  is  aroused, 
doubtless,  by  the  advertising  of  gas-engine  builders  and  the  large  number  of  articles 
written.  We  believe  that  the  demand  for  gas  engines  and  producers  is  growing  like- 
wise, as  more  And  more  of  them  are  installed  for  all  classes  of  service,  and  their  reUa* 
bility  and  economy  under  actual  working  conditions  are  proved  after  several  years  of 
operation.  We  do  not,  however,  believe,  as  some  manufacturers  seem  to,  ti&at  the 
gas  power  plant  is  bound  to  replace  nearly  every  steam  installation.  Ix)cal  conditions 
often  make  it  considerably  cheaper  to  install  a  noncondensing  Corliss  engine  rather 
than  a  gas  engine.  Considerable  difficulty  is  also  experienced  in  obtaining  compe- 
tent gas-engine  operators  for  anything  like  a  reasonable  salary,  owing  to  the  newness 
of  the  gas-engine  field. 

In  1912,  however,  the  effect  of  the  development  of  the  oil  engine 
shows  conspicuously  in  several  of  the  following  statements  from 
manufacturers: 

1.  The  demand  for  gas  engines  and  gas  producers  has  extended  to  nearly  ev«y 
variety  of  service  to  which  power  can  be  applied,  and  the  inquiries  for  this  type  d 
equipment  continue  to  increase  each  year. 

2.  We  are  pleased  to  note  the  tendency  to  install  gas-producer  power  plants  of  con- 
siderable capacity .  In  fac  t ,  nearly  all  of  the  business  we  now  have  in  sig^t  is  lor  plants 
of  300  horsepower  or  laiger. 
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3.  We  believe  that  theze  is  a  conatant  demand  for  gas  producers  and  gas  engines, 
especially  in  the  smaller  powers.  We  have  not  had  a  great  many  inquiries  for  laige 
plants,  but  this  is  perhaps  in  a  measure  due  to  the  period  of  business  depression  that 
has  existed  for  the  past  three  years,  which  has  .been  a  ^tor  against  the  financing  of 
huge  power  installations.  Then  there  is  also  the  competition  of  the  reciprocating 
steam  eugine  in  combination  with  low-pressure  turbines. 

4.  That  there  are  certain  well-defined  fields,  limited  chiefly  by  labor,  fuel,  and 
water  costs,  in  which  gas  power  proves  to  be  the  only  practical  solution,  is  now  gen- 
erally appreciated,  and  in  these  fields  there  appears  to  be  a  constantly  increasing 
demand  for  engines  and  producers. 

5.  The  demand  for  gas  engines  and  gas  producers  for  the  present,  at  least,  is  not 
increasing.  In  fact,  since  the  advent  of  the  lower  grades  of  oil  as  a  fuel  for  internal- 
combustion  gas  engines,  there  has  been  a  marked  decrease  in  the  sales  of  producer-gas 
engines  and  gas  producers. 

6.  There  is  a  steady  increase  in  the  demand,  but  not  as  rapid  a  growth  in  the  busi- 
ness as  should  be  looked  for  when  the  saving  due  to  economy  is  considered. 

7.  We  have  not  been  very  active  in  hunting  up  business  in  this  line.  It  developed 
that  with  our  shop  equipment  we  were  not  in  a  position  to  build  gas  engines  to 
advantage.  It  has  also  been  developed  that  other  lines  were  more  attractive  to  us; 
consequently  our  efforts  have  been  in  other  directions.  We  doubt  if  we  shall  resume 
the  bidlding  of  gas  engines  and  producers,  because  to  do  so  to  advantage  would  require 
the  investment  of  additional  capital,  which  we  believe  can  be  employed  to  better 
advantage  in  other  lines. 

8.  We  have  not  much  to  say  regarding  the  development  and  present  status  of  this 
type  of  plant  in  the  United  States,  except  that  there  have  not  been  many  inquiries 
^n  the  past  year,  and  as  you  will  observe  from  the  list,  there  have  not  been*  many 
new  installations. 

9.  The  demand  for  gas  engines  and  gas  producers  is  not  growing  as  fast  as  it  should . 
Interest  appears  to  be  increasing,  but  as  yet  has  not  grown  into  a  demand. 

10.  Although  there  has  been  a  fsai  demand  for  producer-gas  installations,  the  recent 
development  of  the  oil  engine,  using  crude  oil,  fuel  oil,  and  similar  heavy  fuels,  has 
no  doubt  had  its  effect  in  preventing  the  placing  of  a  larger  number  of  producer  plants, 
especially  in  localities  where  the  heavy  liquids  can  be  obtained  at  low  prices. 

11.  Demand  for  reliable  bituminous  producer-gas  power  plants  is  increasing  stead- 
ily, though  not  rapidly,  under  the  following  circumstances: 

(a)  When  large  power  users  are  willing  to  invest  in  new  equipment  on  a  basis  of  a 
net  saving  of  10  per  cent  on  the  investment. 

(6)  If  the  cost  of  coal  is  above  $2.50  per  ton  and  if  crude  oil  costs  over  $1  per  barrel. 

(e)  If  low-grade  fuel,  such  as  peat  and  lignite,  which  is  not  satisfactory  for  firing 
boflers,  but  suitable  for  gas  producers,  can  be  obtained  at  low  cost. 

12.  The  development  of  the  steam  turbine  seems  to  have  temporarily  outstripped 
the  gas  engine  and  gas  producer  for  large  units,  as  uniformly  satisfactory  results  can 
not  yet  be  xmiversally  obtained  and  maintained  with  the  latter. 

13.  At  the  present  time  the  demiand  for  producer-gas  engines  and  gas  producers  for 
power  in  the  United  States  is  to  some  extent  overshadowed  by  the  enthusiasm  about 
the  Diesel  oil  engine.  In  the  mind  of  the  ordinary  purchaser  at  least,  this  engine  or 
some  other  form  of  fuel-oil  engine  is  more  satisfactory  and  economical  than  a  suction- 
producer  plant  burning  anthracite.  This  contention  is  in  some  cases  correct.  There 
18,  however,  an  increasing  demand  for  tolerably  successful  producers  to  operate  on 
bituminous  coal,  and  we  believe  that  the  advent  of  this  type  of  apparatus  will  do 
much  to  regain  the  ground  that  has  momentarily  been  lost  to  the  oil  engine. 

14.  Very  slowly  but  steadily  in  the  Eastern  States  the  producer  plant  is  living 
down  the  effect  of  many  poor  installations  made  three  to  five  years  ago,  also  the  effect 
of  many  lailures  due  to  incompetent  operatoie. 
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15.  In  this  connection  we  might  call  your  attention  to  the  fact  that  we  do  not  push 
the  gas-engine  business  very  strenuously  because  the  larger  number  of  inquiries  are 
for  oil  engines  and  the  latter  type  seems  to  meet  conditions  far  better  than  do  &e 
gas  engines. 

With  the  precedmg  expressions  of  the  manufacturers  in  mind,  it 
is  worth  while  to  examine  figure  1,  which  shows  the  remarkable 
development  of  the  producer-gas  power  plant  for  the  past  12 
years.  The  diagrams  are,  of  course,  made  up  from  an  exact  list  of 
installations  reported  by  the  manufacturers  (p.  31).  Inasmuch  as 
it  was  impossible  to  procure  a  complete  list  of  installations  from 
some  manufacturers  and  as  no  information  was  received  from  a  few 
others,  the  figures  presented  probably  represent  not  over  75  or  80 
per  cent  of  the  plants  actually  installed. 

When  the  first  inquiry  was  sent  out  the  manufacturers  were  also 
asked: 

What  are  the  serious  difficulties  in  the  way  of  more  rapid  development  of  gas  pro- 
ducers  and  gas  engines  as  a  means  of  developing  power? 

A  summary  of  the  replies  received  in  1906  would  indicate  the  difiK- 
culties,  as  viewed  by  the  manufacturers  at  that  time,  to  have  been 
about  as  follows: 

1.  The  tact  that  the  gas  engine  is  not  yet  so  reliable  as  the  steam  engine. 

2.  The  lack  of  engineers  who  know  how  to  run  producer-gas  power  plants. 

3.  Inexperienced  salesmen — ^men  not  familiar  with  the  details  of  the  engines  and 
producers  they  are  handling. 

4.  The  large  number  of  unsuccessful  and  only  partly  successful  installations  made 
diuing  the  experimental  period  of  this  development. 

5.  Lack  of  proper  design  and  construction  of  producer-gas  engines  in  the  United 
States. 

6.  Lack  of  knowledge  and  confidence  on  the  part  of  the  public. 

7.  The  fact  that  the  heating  of  facUny  btdldings  must  be  provided  for  by  a  heating 
plant  separate  from  the  power  plant. 

8.  Lack  of  types  of  producers  tha^^  will  gasify  bituminous  coal  satisfactorily. 

9.  Inability  to  use  cheap  fuels  in  the  suction  gas  producer. 

10.  Ijack  of  complete  knowledge  as  to  how  successfully  the  various  fuels  in  different 
localities  can  be  used  in  gas  systems. 

11 .  Large  excess  cost  of  gas-engine  and  gas-producer  power  plants  over  that  of  steam 
power  plants. 

The  difficulties  in  1909  were  expressed  as  follows  by  the  manufac- 
turers in  replies  received  from  them: 

1.  Skepticism  as  to  the  reliabUity  of  gas  engines  and  producera,  one-half  of  the 
skeptics  being  'against  the  producer  and  the  other  against  the  engine. 

2.  Large  engines  of  long  stroke  become  disproportionately  high  in  price,  and  in  the 
very  large  installations  their  availability  is  not  so  evident  imless  fuel  is  very  expen- 
sive. Furthermore,  the  absence  of  large  overload  capacity  detracts  from  tiie  flexi- 
bility of  operation  so  commonly  experienced  with  steam  plants,  which  may  be  forced 
from  60  per  cent  to  100  per  cent  above  rating.  The  gas  engine  and  the  producer  have 
their  particular  application  and  are  not  a  univenal  panacea  for  all  our  previoua  iDs. 

3.  Lack  of  confidence  in  either  produce  or  engine,  due  to  minor  defects  in  each, 
which  makers  do  not  rectify  after  plants  are  sold. 


VIEWa  OP   MANUFACTUBBBS  OP   PBODUOBB-GAS  POWBB  PLANTS.       11 

4.  ITw  diiel  drawback  to  the  Buction  hard-coal  producer  development  seema  to  be 
the  failure  of  eome  iuatallationa,  due  not  to  any  faulty  conatruction  and  design,  but  to 
the  diainclination  on  the  part  of  the  attendant  to  properly  operate  the  plant  or  to  leun 


how  to  do  so.    A  Botisfactorf  auctioD  toft-cool  producer  would  be  a  great  boon  to  the 
pa  engine  and  producer  burineea.    The  tar,  of  course,  is  the  main  trouble  in  thia  case. 
6.  None— except  education  ot  the  general  public. 
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6.  The  most  Borioufl  difficulty  is  the  constant  entering  of  new  mannfacturera  into  the 
field.  These  very  often  lack  the  experience  necessary  to  build  apparatus  that  will 
insure  successful  operation  in  central  power  plant  work.  We  believe  it  is  the  sise  of 
unit  more  than  anything  else. 

7.  The  fact  that  the  average  producer  builders  rate  their  producers  too  high,  and  are 
not  able  to  instruct  their  customers  to  operate  the  plant  properly. 

8.  The  most  serious  trouble  lies  in  the  difficulty  of  educating  the  general  public, 
and  more  i)articularly  engineers  to  whose  hands  the  laying  out  of  gas-power  equip- 
ment is  usually  intrusted,  to  appreciate  fully  the  requirements  of  such  installations. 
Most  failures  are  due  to  lack  of  appreciation  on  the  part  of  manufacturerB,  as  well  as  on 
the  i)art  of  power  users  and  consulting  engineers,  of  the  impcHrtance  of  small  details  of 
the  general  arrangement  of  the  plant. 

9.  To  our  mind,  the  most  serious  difficulty  in  the  way  of  more  rapid  development 
of  the  producer-gas  power  plant  is  the  difficulty  in  obtaining  a  satiBfactory  producer 
which  will  use  practically  all  grades  of  American  bituminous  coal,  and  which  at  the 
same  time  will  not  be  much  more  expensive  than  the  ordinary  anthracite  producer 
plant. 

10.  The  summary  of  replies  (for  1906)  very  nearly  expresses  the  condition  as  to  the 
gas  producer  at  the  present  time,  though  I  would  say  relative  to  the  engine  itself, 
the  record  of  the  engine  which  we  have  and  its  running  indicate  trouble  only  with 
the  producer  of  the  electrical  outfit  during  the  last  three  or  four  months. 

Summary  No.  7  (for  1906)  is  to  my  mind  the  greatest  lack  that  we  have  in  the  intro- 
duction of  the  producer-gas  engine.  I  do  not  doubt  but  that  this  could  easily  be 
taken  care  of,  if  it  has  not  been  up  to  the  present  time. 

In  regard  to  No.  8  (for  19Q6),  we  have  not  tried  bituminous  producers  and  there- 
fore have  not  had  the  trouble  with  the  gas  washing,  but  we  can  not  use  cheap  fuels, 
as  we  had  anticipated  we  could. 

The  large  cost  referred  to  in  No.  11  (for  1906)  is  to-day  in  the  same  condition,  but  I 
do  not  believe  that  the  high  selling  cost  is  warranted  by  the  shop  costs. 

The  views  of  the  manufacturers  m  1912  regardmg  these  difficulties 
are  as  follows: 

1.  The  gas  producer  evidently  received  a  setback  several  years  ago  from  which 
it  has  not  yet  recovered.  To  overcome  the  lack  of  confidence  as  to  the  efficiency 
and  reliability  of  gas  producers  is  a  great  difficulty  in  the  way  of  more  rapid  develop- 
ment. 

2.  General  prejudice  due  tp  failure  of  plants  installed  by  inexperienced  manu&c- 
turers. 

3.  Active  campaign  against  gas  engines  by  steam-engine  and  oil-engine  manufac- 
turers and  by  hydro-electric  companies. 

4.  LAck  of  capital  to  invest  for  new  equipment. 

6.  LAck  of  funiliarity  with  producer-gas  plants  among  consulting  engineers  upon 
whom  power-plant  owners  depend  for  expert  advice. 

6.  High  first  cost  of  a  producer-gas  plant  compared  with  that  of  a  steam  plant. 

7.  Lack  of  cooperation  between  engine  builder  and  producer  builder. 

8.  We  aie  still  waiting  for  the  advent  of  the ' '  fool-proof ''  soft-coal  producer.  When 
it  comes  it  will  be  mechanically  agitated;  it  will  be  simple,  and  the  tar  will  be  con- 
verted into  gas  in  the  producer. 

9.  Two  difficulties  stand  in  the  way  of  more  rapid  development  of  the  gas  producen 
and  gas  engines:  First,  there  are  very  few  satisfactcnry  producer-gas  engines  built  in 
the  United  States,  llie  great  majority  of  engines  marketed  as  such  are  not  at  all 
fitted  to  this  service;  second,  the  growing  difficulty  of  procuring  anthracite  makes 
the  h^^^Hng  of  bituminous  coal  imperative.    It  is  oasontial  that  the  bituminous 
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coal  should  be  handled  without  the  production  of  objectionable  by-products,  that 
the  gas  should  be  clean,  and  that  the  labor  required  to  handle  the  plant  should  be 
small.  There  is  much  skepticism  in  the  mind  of  the  purchaser  as  to  the  poesibiLity 
of  meeting  these  conditions,  and  this,  of  course,  is  interfetring  to  some  extent  with 
the  more  rapid  development  of  producer-gas  power. 

10.  The  present  difficulty  in  the  way  of  more  rapid  development  of  the  gas-producer 
business  is  the  low  price  at  which  can  be  obtained  oils  which  will  give  very  nearly 
the  same  fuel  cost  as  for  the  gas-producer  outfit  and  involves  a  much  less  initial 
installation  cost. 

11.  A  strong  fight  la  being  made  by  its  natural  opponents.  The  central-station 
power  salesmen,  as  a  result  of  more  or  less  organization,  are  well  posted  in  regard  to 
all  failures  and  make  good  use  of  their  information.  The  consulting  engineer  will 
take  no  chances  in  advising  a  new  type  of  plant,  since  the  cost  of  o))eration  concerns 
him  little .  Lack  of  efficiency  of  the  gages,  indicators,  etc . ,  which  might  locate  trouble 
or  unfovcffable  conditions  in  the  S3rstem.  These  defects  are  rapidly  being  developed. 
Many  failures  have  been  due  to  imperfect  scrubbing  of  the  gas. 

12.  Regarding  the  serious  difficulties  in  the  way  of  more  rapid  development  of 
producers  and  engines,  we  do  not  recognize  any.  There  appear  to  be  mechanical 
limitations  to  the  development  of  this  type  of  prime  mover  in  sizes  exceeding  1,000 
brake  horsepower  in  any  one  double-acting  four-cycle  cylinder.  In  the  two-cycle 
type  it  ia  probably  possible  to  double  this  capacity. 

13.  To  the  writer's  mind  one  of  the  most  serious  difficulties  in  the  way  of  rapid 
development  of  gas  producers  is  the  development  of  an  apparatus  that  will  readily 
gasify  any  and  all  fuels  and  will  stand  up  under  severe  overload.  Although  it  is 
possible  to  build  large  units  that  will  take  care  of  certain  fuel  requirements,  we  find 
that  there  is  a  tendency  on  the  part  of  the  owners  to  force  apparatus  of  this  kind  while 
using  fuels  of  a  much  lower  grade  than  originally  specified,  with  a  result  that  the 
apparatus  does  not  stand  up  and  is  condemned .  There  seems  to  be  a  constant  tendency 
on  the  part  of  engineers  and  operators  to  attempt  to  treat  a  gas  plant  in  the  matter  of 
overloads  in  the  same  way  as  a  steam  plant  is  treated,  and  in  the  present  state  of  the 
art,  unless  the  plant  is  built  with  excessive  capacity  and  consequent  high  first  cost, 
it  is  soon  put  out  of  conunission.  There  seems  to  be  a  demand  for  a  gas  producer  that 
will  stand  100  per  cent  overload  for  an  indefinite  period,  and  under  these  c<mditions 
will  run  on  bituminous  fuels  containing  15  to  20  per  cent  ash.  The  attempt  to  meet 
conditions  like  the  above  has  made  trouble  for  purchasers  as  well  as  manufacturers, 
and  some  manufacturers  have  not  fully  realized  that  special  requirements  demand 
special  installations  and  that  it  is  impossible  to  make  a  standard  gas  apparatus  that 
will  handle  every  grade  of  bitimninous  coal  with  equal  ease  and  efficiency. 

14.  We  believe  the  difficulty  to  be  high  first  cost  of  a  complete  plant  when  well 
constructed,  so  as  to  give  satisfaction,  and  the  retarding  effect  of  cheap-plant  failures. 

PRESENT  STATUS  OF  THE  PRODUCER-GAS  POWER 

PLANT. 

The  foregoing  expressions  of  the  manufacturers  of  producer-gas 
power  plants  may  be  sununarized  thus:  Their  attitude  in  1906  was 
very  optimistic,  and  their  position  in  1909  was  extremely  gratifying. 
Their  fair-mindedness,  their  appreciation  of  the  difficulties  involyed, 
and  their  realization  of  the  shortcomings  of  the  producer-gas  power 
plant  in  1909  all  pointed  directly  toward  the  development  of  highly 
efficient  gas-power  units  using  many  types  of  fuel  and  involving  a 
total  cost  of  installation  that  would  compare  favorably  with  that  of 
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the  corresponding  steam  plant  and  at  the  same  time  insure  the 
manufacturer  a  fair  profit.  AlthQugh  in  the  past  three  years  there 
has  been  a  steady  and  gratifying  continuation  of  producer-gas  power- 
plant  activity,  yet  the  recent  letters  of  some  of  the  manufacturers 
seem  to  show  an  attitude  of  uncertainty  or  expectancy.  For  this 
attitude  there  seem  to  be  two  causes — one  the  hope  for  a  marked 
development  in  the  bituminous  gas  producer  and  the  other  a  feeling 
of  doubt,  due  seemingly  to  oil-engine  activities.'  Although  there 
may  be  some  foundation  for  this  reduction  in  the  enthusiasm  on  the 
part  of  the  manufacturers,  yet  they  will  do  well  to  study  the  table 
on  page  65,  which  shows  that  the  number  of  producer-gas  power 
plants  installed  during  the  past  three  years  amounts  to  52  per  cent  of 
the  total  number  installed  during  the  preceding  nine  years.  Inas- 
much as  additions  to  plants  previously  installed  are  not  listed  in  this 
table,  it  should  be  further  stated  that  the  number  of  producer-gas 
power  units  sold  during  the  past  three  years  amounts  to  nearly  70 
per  cent  of  the  number  installed  during  the  preceding  nine  years. 

Further  examination  of  the  table  will  show  that  the  horsepower 
represented  by  the  installations  made  during  the  past  three  years 
amounts  to  68  per  cent  of  the  total  horsepower  installed  during  Hie 
preceding  nine  years. 

So  much  has  been  written  regarding  the  difficulties  met  in  producer- 
gas  power-plant  practice  and  these  difficulties  have  been  so  con- 
stantly thrust  before  the  public  that  it  is  desirable  to  study  carefully 
the  true  situation  regarding  the  many  charges  that  have  been  laid  at 
the  door  of  this  particular  type  of  equipment. 

A  review  ^  of  the  statements  as  to  the  difficulties  enumerated  in 
the  pages  following  will  show  how  rapidly  most  of  these  difficulties 
are  being  dissipated. 

RELIABILITY. 

1.  The  fact  that  the  gas-engine  plant  is  not  so  reliable  as  the  steam-engine  plant. 

An  examination  of  the  replies  received  from  the  manufacturers 
in  1909  shows  that  only  2  out  of  10  regarded  this  point  as  vital,  and 
1  of  these  felt  that  the  difficulty  was  with  the  public  rather  than 
with  the  plants  themselves. 

Abundant  testimony  may  be  obtained  from  owners  and  operators 
of  these  plants  regarding  the  reliability  of  such  installations  when 
properly  handled.  It  is  not  proposed  to  reduce  this  discussion  to  a 
series  of  testimonials,  but  It  seems  consistent  to  report  the  statements 
of  the  owners  of  a  few  gas-power  installations. 

A  Since  the  above  was  written,  the  development  of  producer-gas  plants  has  reoeivBd  a  marked  impetus 
owlni;  to  the  increase  in  the  price  of  oil  and  the  impossibility,  in  many  cases,  of  proeurlag  km^-tlme 
oil  contracts. 

»  Moch  of  the  material  cited  appeared  in  U.  S.  Oeol.  Survey  Bull.  416,  reprinted  as  BOIL  9,  Bunao  of 
Mines,  as  mentjoned  in  the  introduotioa  of  this  report. 
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It  was  the  original  intention  to  publish  the  letters  in  full  over  the 
names  of  the  authois,  but  inasmuch  as  some  of  the  comments  might 
be  interpreted  as  promoting  the  interests  of  certain  manufacturers 
to  a  greater  extent  than  those  of  others,  it  is  deemed  wise  to  present 
the  substance  of  the  communications  without  reference  to  the 
particular  plant  in  question. 

These  statements  in  1909  were  as  follows: 

(a)  I  have  a  75-honepower  producer-gas  engine  and  producer.  I  have  always 
found  it  reliable  and  a  very  economical  source  of  power.  The  net  result  of  its  oper- 
ation, based  on  a  lO-days'  test,  gave  me  1  horsepower  for  every  1.05  pounds  of  coal 
burned  per  hour.  In  average  practice,  however,  I  believe  the  consumption  of  fuel 
would  be  slightly  higher,  but  I  do  not  believe  it  would  be  in  excess  of  1.15  pounds 
per  horsepower-hour. 

I  wish  to  say  further  that  I  am  lighting  my  house  and  stable  with  a  15-horBepower 
producer-gas  plant,  with  an  avenge  run  of  5  hours  a  day  and  an  avenge  load  of  50 
16-candlepower  lamps,  and  my  total  consumption  of  fuel  for  the  24  hours,  including 
5houxB'  run,  wiU  average  100  pounds.  This  coal  costs  me  one-quarter  of  a  cent  a  pound 
delivered.  My  lubricating-oil  expense  is  very  low,  as  the  engine  is  a  craiyE-case 
splash,  and  I  have  only  one  lubricating  cup  on  the  engine  to  oil  the  journals  of  a 
onaU  shaft. 

I  do  not  figure  my  time  as  anything,  as  the  man  who  attends  to  this  plant  is  regu- 
larly employed  by  me  doing  oUier  work  on  my  place.  All  the  attention  he  has  to 
give  it  is  about  half  an  hour  a  day,  and  the  engine  runs  entirely  without  any  super- 
vision  during  the  evening. 

(6)  In  January,  1907, Co.  installed  for  us  a  producer-gas  power  plant  consisting 

oi  three  50-horBepower  horizontal  gas  engines,  two  of  which  are  direct  connected, 
making  a  unit  of  100  horsepower,  and  attached  direct  to  a  generator.  The  other 
engine  is  a  separate  unit  with  its  own  generator  attached .  We  have  two  gas  producers, 
one  of  lOO-horsepower  capacity  and  the  other  of  SO-horsepower  capacity. 

We  have  used  this  plant  continuously  since  its  installation  and  with  satisfaction, 
furnishing  to  our  plant  current  which  is  distributed  throughout  the  works  to  many 
motors,  besides  furnishing  light  and  power  for  one  laige  freigjit  and  one  passenger 
elevator. 

We  do  not  use  the  full  capacity  of  the  plant,  holding  at  all  times  the  separate  unit 
of  50  horsepower  in  reserve. 

The  cost  for  the  calendar  year  1906  was  as  follows: 

Coal $538.25 

Oil 49.20 

Waste 1L52 

Removal  of  ashes 18.00 

Water 168.00 

Gas 50.06 

Attendance 58L92 

Maintenance  repairs 492. 78 

Insurance 148. 68 

Lamp  renewals 66. 70 

2, 126. 11 

Our  kilowatt  hours  used  during  the  entire  period  amounted  to  134,063,  making 
net  cost  to  us  1.585  cents  per  kilowatt  hour. 

Previous  to  the  installation  of  the  plant  we  employed  a  fireman  to  take  care  of  the 
0(eam-heating  plant,  and  our  charge  for  attendance  in  the  foregoing  statement  is 
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the  amount  paid  in  excefls  of  what  we  had  previously  paid  for  attendance  on  our 
Bteam-heating  plant.  We  are  obliged  to  keep  steam  up  the  year  around,  as  we  use 
it  for  several  purposes  in  our  factory,  and  the  charge  under  attendance,  therafioiei 
is  proper  but  less  than  would  follow  under  other  conditions. 

(c)  We  have  two  ga»-engine  plants  iising  producer  gas.  The  first  station  has  two 
OOO-horsepower  four-cycle  gas  engines,  operated  by  a  pair  of  down-draft  soft-coal  pro- 
ducers. The  other  plant  has  three  dOO-horsepower  two-cycle  double-acting  engines, 
operated  by  five  pressure  hard-coal  producers.  The  first  plant  named  has  given 
both  the  b€8t  economy  and  the  best  service,  and  this  plant  has  been  in  every  way  as 
reliable  as  a  first-class  steam  plant.  The  second  plant  named  has  not  proved  so  efiS- 
cient,  but  has  been  equally  reliable. 

(d)  This  plant  was  installed  in  the  spring  of  1906  and  consists  of  a  suction  gas  pio- 
ducer  of  size  to  furnish  sufficient  gas  to  generate  70  horsepowor;  a  65-hor8epower 
single-cylinder  heavy-duty  engine;  and  a  13  by  12  single-acting  outside-packed 
plunger  triplex  pump. 

It  may  be  well  to  say  that  the  plant  is  giving  entire  satisfaction,  the  itenu  of  reli* 
ability  and  economy,  both  of  which  depend  so  laigely  upon  the  experience  of  the 
operator,  being  all  that  could  be  desired. 

lu  an  article  subsequently  published  by  the  writer  of  the  above, 
after  describing  numerous  experiences  with  the  plant  during  the  early 
dayS;  he  goes  on  to  say: 

The  results  obtained  from  the  plant  are  most  satisfactory.  Our  longest  oontinuous 
run  to  date  was  made  from  5.15  a.  m.  November  24  to  1.50  a.  m.  December  4, 1907, 
235}  hours.  The  plant  has  been  in  operation  since  November  2  and  the  stop  was 
made  for  the  purpose  of  cleaning  the  mixing  valve  and  changing  igniters,  which 
occupied  2  hours.  This  was  not  planned  in  any  way  as  a  record  run.  Our  engineer 
assures  me  that  it  was  not  absolutely  necessary  to  stop  when  he  did,  but  we  had 
shortly  before  this  been  troubled  with  dirty  gas,  and  we  were  curious  to  note  what 
effect,  if  any,  had  been  produced  by  increasing  theamoimtof  shavings  in  the  deaner. 
Much  to  our  satisfaction  it  had  proved  to  be  of  great  benefit. 

Our  plant  is  now  running  24  hours  a  day,  and  we  are  pumping  1}  million  gallons 
with  a  coal  consumption  of  1,100  pounds.  The  record  for  yesterday  was  62,440 
revolutions;  the  total  head,  including  suction  hft,  was  108.4  feet;  coal  fired,  1,065 
pounds.    This  gives  a  duty  of  107.6  million  foot-pounds  i>er  100  pounds  of  coal. 

During  the  test  of  the  producer-gas  plant  its  duty  per  100  pounds  of  coal  fired  ex- 
ceeded 135,000,000  gallons. 

I  desire  to  call  your  attention  to  the  fact  that  we  are  pumping  against  only  110  feet 
total  head,  whereas  the  unit  is  designed  to  work  against  from  160  to  170  feet  total  head, 
which  it  did  during  the  test  above  mentioned;  also  to  say  that  while  the  engine  is 
now  running  under  a  little  more  than  half  load,  the  duty  would  be  materially  increased 
were  it  running  up  to  rated  capacity. 

A  letter  relating  to  an  installation  of  several  thousand  horse- 
power operating  for  several  years  on  bituminous  coal  states: 

(e)  Although  during  the  first  of  our  experiences  with  this  method  of  power  production 
we  had  some  difficulties,  it  can  be  &irly  said  that  they  were  chiefly  due  to  ignorance 
on  our  part,  and  that  under  the  conditions  as  they  are  to-day  the  plant  is  running 
as  steadily  and  with  as  great  a  factor  of  reliability  as  we  have  ever  experienced  with 
steam. 

(/)  We  installed  a  suction  gas  producer  of  60  horsepower  and  a  25-horsepower  gas 
engine  about  three  and  one-half  years  ago.  During  this  time  we  have  never  had  any 
trouble  of  any  kind  with  said  installation,  nor  have  we  spent  |5  for  repairs. 
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We  have  cleaned  the  scrubber  once  since  the  plant  was  installed,  and  the  fire  in 
the  producer  has  not  been  taken  out  for  very  nearly  a  year's  time. 

We  must  state  that  we  are  very  much  pleased  with  said  producer  and  gas  engine 
and  should  we  be  compelled  to  increase  the  present  power  system,  we  should  cer- 
tainly install  just  the  same  as  we  are  now  using. 

.  In  connection  with  the  above  beg  to  inform  you  that  we  average  about  22  horse- 
power and  run  our  engine  9)  hours  each  day,  6  days  each  week,  using  but  1  ton  of 
No.  2  nut  coal  at  the  cost  of  $4.25  per  ton. 

(g)  The  plant  contains  a  500  brake-horsepower  horizontal  four-cycle  double-acting 
engine  with  a  300-kilowatt  direct  generator  and  a  bituminous  gas-generating  unit 
of  the  intermittent  type.  The  producer  plant  consists  of  two  250-horBepower  down- 
draft  generators  with  auxiliaries. 

Our  figures  show  that  we  can  produce  a  brake  horsepower  per  year  with  the  gas 
plant  for  |30.  With  the  old  steam  plant  it  cost  us  $45.  This  is  for  10  hours  a  day 
lor  approximately  300  working  days  a  year.  These  figures  include  coal,  labor,  sup- 
plies, interest  on  investment,  and  depreciation  of  plant. 

The  plant  has  given  us  no  more  trouble  than  a  steam  plant  of  the  same  size.  Our 
kg  shows  that  from  January  1, 1907,  to  date  (February,  1908)  we  have  shut  down  only 
34  minutes,  this  being  due  to  ignition  troubles  once,  poor  gas  once,  and  an 
obstructed  cooling  pipe  once. 

This  plant  is  not  offensive  to  the  neighborhood ,  and  noise  from  the  exhaust  is  no 
more  than  from  a  steam  engine  of  the  same  capacity.    *    *    * 

No  trouble  is  occasioned  in  starting,  it  being  possible  to  be  up  to  full  speed  in  as 
short  a  time  as  one-half  minute,  the  usual  method  of  starting  being  to  run  on  air  for 
six  or  eight  revolutions  before  turning  on  the  gas. 

In  general,  from  our  experience  with  this  plant,  we  believe  it  to  be  both  economical 
and  dependable. 

A  letter  received  June  23,  1909,  from  the  company  owning  this 
plant,  stat^  that  since  the  article  was  written  (February,  1908) 
froni  which  the  above  abetract  is  taken,  ''The  plant  has  given  us 
entire  satisfaction ' ' . 

By  reference  to  the  observations  relating  to  the  plants  that  have 
been  personally  inspected  (pp.  36-57)  many  cases  of  exceptional  reli- 
ability and  economy  may  be  noted.  Attention  should  be  called  to 
plant  57,  in  which  the  fire  has  not  been  drawn  from  the  producer  for 
over  seven  years. 

In  connection  with  the  experimental  work  of  the  Government 
fuel-testing  plants  the  opportunity  for  endurance  runs  was  decidedly 
small,  owing  to  the  fact  that  the  supply  of  any  one  grade  of  fuel 
was  sufficient  only  for  a  run  of  approximately  60  hours.  The  plant 
was  operated  week  in  and  week  out  120  hours  a  week,  the  engine 
running  the  full  time,  but  the  necessity  of  changing  fuels  after  each 
60-hour  run  made  it  imperative  that  two  gas  producers  be  used. 
In  the  spring  of  1905  one  supply  of  Illinois  bituminous  coal  deUvered 
at  the  St.  Louis  testing  station  was  sufficient  for  continuous  opera- 
tion for  several  days.  The  test  began  March  8  and  continued  without 
interruption  until  April  1 — 24  consecutive  days.  During  the  entire 
time  the  engine  showed  no  signs  of  heating,  clogging  with  tar,  or 
other  trouble.    It  ran  steadily  at  all  times  and  at  the  end  of  the  test 
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was  in  perfect  condition.  The  same  set  of  igniters  was  used  through- 
out the  run,  and  gave  absolutely  no  trouble.  An  inspection  of  the 
engine  at  the  close  of  the  test  showed  that  the  cylinders^  igniters, 
and  all  working  parts  were  in  such  excellent  condition  that  the  engine 
was  not  even  cleaned  nor  its  mechanism  in  any  way  changed  before 
beginning  the  next  test.  An  inspection  of  the  producer  plant  at 
the  close  of  the  test  also  showed  that  everything  was  in  a  corre- 
spondingly good  condition  and  the  regular  tests  went  on  as  usual 
after  the  close  of  the  endurance  run. 

In  connection  with  the  tests  made  at  Norfolk  the  samples  of  coal 
for  testing  purposes  were  sufficiently  large  to  warrant  longer  nns 
than  the  regular  testing  period  at  St.  Louis. 

An  abstract  from  the  log  of  these  tests  is  as  follows: 

Teet  164:  144  hours'  duration.  Interrupted  for  a  few  minutes  when  an  indicator- 
rig  wire  fell  acro86  an  igniter  circuit. 

Test  165:  240  hours'  duration.    Uninterrupted. 

Test  166:  213|  hours'  duration.  Shut  down  of  2f  hours  hecauae  of  a  short  circuit 
in  igniter  which  was  troublesome  to  locate. 

Test  167 :  44  hours'  duration.  Uninterrupted .  Keaeon  for  abort  test  was  the  desire 
to  study  the  effect  of  a  shutdown  for  a  period  of  36  hours,  after  which  the  test  was 
continued  as  No.  168. 

Test  168:  240  hours'  duration.    Uninterrupted. 

LACK  OF  ENGnVEERS. 

2.  The  lack  of  engineers  who  know  how  to  run  producer-gas  power  plants. 
My  comment  upon  this  situation  in  1906  was: 

It  can  not  be  denied  that  many  of  the  difficulties  changed  to  producer-gas  power 
plants  are  due  entirely  to  incompetent  operators.  Some  plants  have  been  put  out 
of  commission  temporarily  by  the  prejudices  or  the  lack  of  ability  and  training  of 
the  operators  or  engineers  in  charge.  A  few  of  these  failures  are  due  to  the  impossi- 
bility of  finding  men  competent  to  operate  the  plants,  but  many  of  them  have  imdoubt- 
edly  been  the  result,  of  a  short-sighted  policy  on  the  part  of  some  manufacturers,  who 
are  not  willing  to  give  proper  and  necessary  information  about  the  design,  construc- 
tion, and  operation  of  the  plants  made  by  them.  The  possibility  of  a  sale  at  the  time 
is  apparently  the  only  interest  they  keep  in  mind,  and  the  future  is  allowed  to  take 
care  of  itself. 

In  1909  the  following  discussion  of  the  comment  made  above  was 
published : 

Although  of  necessity  the  comment  of  1906  still  holds  to  a  certain  extent,  yet  it  is 
certainly  true  that  conditions  have  greatly  improved  within  the  time  indicated. 
There  are  at  present  many  operators  competent  to  take  charge  of  the  plants,  but  there 
are  also  many  attempting  to  operate  gas  installations  who  are  not  in  the  least  fitted 
for  the  work. 

The  attitude  of  the  manufacturers  as  a  whole  has  materially  changed.  The  distrust 
and  jealousies  that  have  characterized  the  dealings  of  some  in  the  not  distant  past  are 
gradually  disappearing,  and  on  the  whole  to-day  the  manufacturers  seem  ready  to 
render  ail  the  assistance  possible  in  connection  with  the  proper  manipulation  of  llieir 
installations.  There  is,  however,  still  room  for  improvement,  and  the  indications 
are  in  the  right  direction  when  the  manufacturers  themselves  recc^^nize  these  faults, 
as  is  shown  by  their  own  statements.    (See  items  7  and  8,  p.  12.) 
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Many  of  the  difficulties  due  to  lack  of  knowledge  of  their  own  plants,  improper 
design,  faulty  construction,  impossible  contracts,  and  failure  to  render  reasonable 
assistance  in  putting  up  and  starting  new  installations  have  been  due  in  part  to  unde- 
sirable competition  and  jealously  on  the  part  of  certain  manufacturers.  Within  the 
past  two  years  the  varied  interests  working  for  the  development  of  gas  power  have 
been  brought  more  closely  into  touch  through  friendly  organizations,  with  the  result 
that  a  better  understanding  and  a  heartier  cooperation  is  b^;inning  to  prevail.  No- 
table among  the  organizations  that  are  tending  to  unite  these  many  interests  on  a  con- 
mon  basis  is  the  gas-power  section  of  the  American  Society  of  Mechanical  Engineers. 

A  condensed  summary  of  the  views  manufacturers  expressed  in 
1912  regarding  reliability  is  as  follows: 

1.  The  design  of  engines  and  producers,  especially  of  producers,  is  being  simplified 
and  consequently  made  more  reliable. 

2.  There  should  be  no  reason  why  a  gas-producer  power  plant  should  not  be  just 
as  reliable  as  any  other  type  of  prime  mover,  if  the  proper  precaution  is  taken  to 
iiifltall  equipment  that  will  exactly  suit  the  conditions  of  operation. 

3.  We  beUeve  that  the  gas-producer  plant,  intelligently  operated,  and  with  clean- 
ing, upkeep,  etc.,  systematized,  is  just  as  reliable  as  a  similar  steam  plant. 

4.  Reliability  of  producer-gas  pkmts  is  very  good  when  plants  are  competently  in- 
stalled. Care  and  attention  are  not  excessive  if  intelligent  and  given  at  the  right 
time. 

5.  Gras-power  machinery  having  only  within  the  last  few  years  reached  a  degree 
of  standardization  comparable  to  that  of  the  steam  engine,  it  is  natural  that  operating 
difficulties  should  be  expected,  except  in  the  more  recent  installations.  It  would 
appear  that  difficulties  of  this  kind  are  at  present  practically  eliminated,  and  that  in 
the  case  of  carefully  executed  designs  properly  operated  the  reliability  of  the  gas 
engine  is  above  question. 

6.  Producer-gas  power  plants  using  commercial  bituminoiis  coal  are  dependable  for 
continuous  full-load  operation.  Proper  attention  to  conditions  existing  at  the  plant 
viU  insure  this. 

7.  With  a  good  producer-gas  engine  and  a  good  producer,  reliability  is  seldom 
questioned. 

The  manufacturers  in  1912  expressed  the  following  opinions: 

1.  We  find  a  steady  increase  in  the  number  of  competent  engineers  available. 

2.  The  lack  of  competent  operating  engineers  has  made  itself  felt  in  many  instances, 
and  at  this  wiituog  calls  ior  competent  operators,  which  we  are  unable  to  fill,  are 
made  on  us. 

3.  We  believe  that  it  is  now  possible  to  obtain  competent  operating  engineers  pro- 
vided manufacturers  are  willing  to  pay  them  a  fair  saluy. 

4.  The  successful  operation  of  a  producer  plant  depends  principally  upon  three 
things:  First,  a  properly  designed  engine  and  producer;  second,  ^e  right  kind  of 
coal;  third,  an  intelligent  engineer.  We  find  that  the  good  qualities  in  engineere  are 
not  always  found  in  a  high-priced  man,  but  are  more  dependent  upon  the  interest 
taken  by  the  man  in  charge. 

5.  It  will  probably  always  be  true  that  more  intelligent  attendance  is  required  for 
this  type  of  apparatus  in  any  appreciable  size  than  is  necessary  for  a  steam  plant. 

6.  Operating  engineers  must  be  competent.  The  public  has  been  told  too  long 
that  anyone  can  run  a  gas  producer  and  that  the  gas  engine  is  ** fool  proof." 

7.  A  competent  steam  engineer  can  operate  a  gas  engine  after  a  few  weeks'  expe- 
rience. All  of  our  plants  are  operated  by  men  without  previous  gas-engine  expe- 
rience.   Producer  firemen  are  no  more  expensive  than  boiler  firemen. 

8.  There  is  no  great  lack  of  competent  operating  engineers,  but  this  may  be  due 
to  the  fact  that  there  is  a  strong  tendency  to  provide  the  producer  plant  with  the 
aame  aids  and  ^ilities  for  operating  that  are  commonly  provided  for  steam  plants. 
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INEXPERIENCED  SALESMEN. 

3.  Inexperienced  salesmen — ^men  not  ^miliar  with  the  details  of  the  engines  and 
producers  they  are  handling. 

Writing  in  1909  the  author  said: 

A  few  years  ago  would-be  piu^chasera  had  to  deal  with  ignorant  and  often  unscru- 
pulous salesmen.  Except  possibly  in  a  very  few  insignificant  companies,  the  imscru- 
pulous  agent  seems  to  be  rapidly  dropping  into  the  backgroimd.  Incompetent  and 
iminfonned  salesmen  will  always  be  with  us,  but  the  situation  to-day  in  this  respect 
is  greatly  improved  over  that  of  three  years  ago. 

The  manufacturers  in  1912  make  the  following  observations: 

1.  A  producer-gas  engineer  should  get  on  the  ground  and  lay  out  each  plant. 

2.  It  has  come  to  our  attention  in  a  niunber  of  instances  that  salesmen  who  have 
been  totally  unfamiliar  with  the  requisites  of  a  successful  producer  installation  have 
misled  prospective  customers  in  the  belief  that  no  matter  what  the  customer  requires 
in  the  way  of  a  power  plant,  a  producer  plant  gives  the  best  satisfaction.  It  often 
happens  that  such  is  not  the  case. 

3.  We  do  not  believe  there  is  as  much  trouble  to  be  charged  to  inexperienced  salesmen 
as  to  imscrupulous  salesmen. 

4.  There  is  no  doubt  but  that  much  dissatisfaction  is  caused  because  of  the  salesman's 
lack  of  experience,  the  result  being  equipment  not  suited  to  the  work  to  be  done. 

5.  Inexperienced  salesmen  are  gradually  disappearing.  Every  producer  and  gas- 
engine  contract  should  have  the  careful  attention  of  a  competent  engineering  depart- 
ment before  being  approved. 

6.  Inexperienced  salesmen  are  not  as  troublesome  now  as  heretofore. 

UNSUCCESSFUL  INSTALLATIONS. 

4.  The  large  number  of  unsuccessful  and  only  partly  successful  installations  made 
during  the  experimental  period  of  this  development. 

For  reliahle  companies  presenting  their  standard  plants,  this  situ- 
ation is  a  thing  of  the  past.  However,  certain  new  companies  in 
the  field  and  also  new  types  of  producers,  which  are  constantly 
appearing,  feel  its  effect. 

The  manufacturers  in  1912  state: 

1.  We  have  remodeled  into  very  successful  installations  two  unsacceesful  ones 
placed  by  other  firms. 

2.  In  the  several  cases  of  unsuccessful  installations  that  have  come  to  our  attention 
the  trouble  has  been  traced  to  improper  equipment  for  the  specific  conditions,  and 
also  to  incompetent  operators. 

3.  There  is  naturally  considerable  trouble  from  unsuccessful  installations.  Some 
of  the  installations  are  justifiably  unsuccessful,  because  they  could  never  give  the 
results  guaranteed  by  the  firm  installing  them;  some  are  unsuccessful  because  the 
operators  are  underpaid  and  are  therefore  incompetent  and  do  not  know  or  care  to  know 
anything  about  the  apparatus  they  handle;  some  are  unsuccessful  because  of  over- 
loading and  operation  on  fuels  that  the  plants  were  never  designed  to  handle;  some 
are  unsuccessful  due  to  causes  not  in  any  way  chargeable  to  the  installation  as  a  gas 
plant.  For  instance,  the  writer  knows  of  one  installation  that  has  been  taken  out, 
because  it  was  located  on  ground  that  was  particularly  susceptible  to  vibrations,  the 
vibrations  caused  by  the  operation  of  the  gas  engines  being  transmitted  a  long  distance 
and  being  severe  enough  to  jar  crockery  from  the  shelves  in  dwelling  houses.    Here  we 
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bave  a  black  eye  for  the  gas^power  industry  not  caused  by  anything  that  could  be 
clearly  foreseen. 

4.  Unsuccessful  installations  are  undoubtedly  a  serious  obstruction  to  more  rapid 
progress. 

5.  One  installation  that  is  successful  is  seldom  heard  of,  but  one  that  fails  is  heard 
of  everywhere. 

DESIGN  AND  CONSTRUCTION. 

5.  Lack  of  proper  design  and  construction  of  producer-gas  engines  in  the  United 
States. 

The  situation  in  1909  in  this  respect  was  the  same  as  is  encountered 
in  the  purchase  of  nearly  all  manufactured  articles.  There  were  re- 
liable companies  offering  a  well-tried  first-class  article^  whereas  others 
were  advertising  equipment  that  resembled  the  first  only  in  external 
appearance  and  in  the  fact  that  it,  too,  was  labeled  ''gas  engine"  in 
the  catalogues.  Too  much  care  can  not  be  exercised  in  the  selection 
of  the  proper  equipment  for  producer-gas  power  plants.  The  assump- 
tion that  one  make  is  just  as  good  as  any  other  and  that  consequently 
the  one  to  purchase  is  the  one  offered  at  the  lowest  price  is  leading 
to  many  regrets. 

The  replies  from  manufacturers  in  1912  contained  the  following 
statements: 

1.  There  has  been  too  much  theory  and  too  little  practical  knowledge  in  much  pro- 
ducer work. 

2.  We  do  not  believe  that  faulty  design  and  construction  are  nearly  as  much  the 
cause  of  some  failures  as  is  the  lack  of  knowledge  of  the  particular  equipment. 

3.  Many  engine  and  producer  builders  are  guilty.  This  also  applies  to  successful 
designers  of  anthracite  producers  who  attempt  to  build  bituminous  coal  producers 
along  impossible  lines. 

4.  A  majority  of  installations  prove  unsuccessful  because  of  faulty  design  and  con- 
struction. 

5.  Aft«r  about  a  hundred  of  these  installations  had  been  made  in  this  coimtry  by 
old  ^nna  that  had  the  advantage  of  knowing  practice  in  Europe,  and  when  the  busi- 
ness had  begun  to  look  very  promising,  there  was  a  great  influx  of  would>be  builders 
without  experience,  who  wasted  millions  of  dollars,  in  addition  to  shipping  more  or 
less  crude  apparatus.  Their  responsibility  ended  when  the  bill  of  lading  and  the 
invoice  had  been  made  out.  This  crude  haphazard  method  of  doing  business  cast  a 
great  blight  over  the  industry,  and  it  took  the  public  five  or  six  years  to  find  out  that 
the  majority  of  the  goods  being  turned  out  were  hopeless  failures.  It  makes  no  dif- 
ference whether  the  engine  and  producer  were  well  built  or  whether  they  were  not, 
so  long  as  the  installation  is  a  failure.  Part  of  the  duty  of  every  manufacturer  in  turn- 
ing out  goods  is  to  see  that  they  are  properly  installed  and  that  the  buyer  is  properly 
educated  to  use  them  in  accordance  with  instructions  given  by  the  manufacturer. 
When  the  American  manufacturer  began  to  put  his  goods  on  the  market  he  seemingly 
had  no  care  as  to  the  education  of  the  buyer  and  was  disposed  to  let  him  wrestle  with 
this  problem,  in  the  same  way  that  the  agricultural  implement  manufacturer  does 
to-day,  regardless  of  the  fact  that  there  were  no  gas-engine  experts  in  this  country 
available  in  the  remote  places  where  these  installations  had  to  be  erected.  The  same 
mistake  is  still  being  made. 
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PUBUC  UNCBRTAINTT. 

6.  Lack  of  knowledge  and  confidence  on  the  part  of  the  public. 

Judging  from  the  statements  of  the  manufacturers,  this  seemed  in 
1909  to  be  the  greatest  difficulty  with  which  they  had  to  contend. 

The  following  comments  show  the  opinions  of  manufacturers  in 
1912: 

1.  The  producer  is  rapidly  living  down  public  uncertainty. 

2.  The  public  is  not  able  to  discriminate  between  cozrect  design  and  faulty  design. 
Arguments  on  this  score  are  so  full  of  sophisms  that  even  an  experienced  engineer 
may  be  deceived. 

3.  The  public  have  always  been  ready  to  buy,  and  if  they  had  received  good  goods 
they  would  continue  to  purchase. 

4.  Some  gas^ngine  builders  have  been  loath  to  admit  that  under  certain  conditions 
the  gas  engine  could  not  compare  favorably  with  steam-power  apparatus,  and  on  this 
account  there  are  many  installations  of  gas  engines  in  the  United  States  in  which  the 
general  conditions  are  quite  prejudicial  to  good  results.  It  was  natural  that  such 
installatiouB  should  create  a  prejudice  against  the  internal-combustion  engine,  but 
this  seems  to  be  disappearing  inasmuch  as  there  is  little  difficulty  at  present  in  show- 
ing the  advisability  of  a  gas-power  installation  when  it  is  wairanted  by  the  operating 
conditions. 

5.  Markedly  decreased. 

SEPARATE  HEATING  PLANTS. 

7.  The  fact  that  the  heating  of  factory  buildings  must  be  provided  for  by  a  heating 
plant  separate  from  the  power  plant. 

In  1909  the  following  statement  was  made  by  the  author: 

In  the  main  this  situation  has  not  changed.  Individual  owners  of  producer-gas 
plants  report  that  they  are  heating  their  buildings  from  these  plants,  but  this  applica- 
tion does  not  seem  to  be  general.  Until  proper  methods  are  devised  for  accomplishing 
this  heating  with  entire  satis&tction  there  will  be  many  places  in  which,  though 
producer-gas  power  plants  would  otherwise  be  desirable,  it  would  be  a  mistake  to 
make  such  an  installation. 

The  manufacturers  in  1912  expressed  the  following  views: 

1.  Heaters  are  now  designed  that  will  do  considerable  heating  with  jacket  water 
and  exhaust.  The  advantage  of  a  separate  heating  plant,  as  shown  by  actual  installa- 
tions and  figures  presenting  cost  of  this  arrangement  combined  with  a  producer  plant, 
in  comparison  with  cost  of  a  steam  plant,  can  easily  be  sho¥m. 

2.  Heaters  placed  on  the  exhaust  of  the  gas  engine  are  now  being  used  in  not  a  few 
instances. 

3.  The  writer  has  had  a  few  cases  come  to  his  attention  where  a  plant  has  not  been 
installed  because  it  was  necessary  to  have  boiler  power  for  heating  purposes. 

4.  The  heating  of  buildings  where  power  is  generated  by  internal-combustion 
engines  has  of  late  been  accorded  considerable  attention,  and  a  satisfactory  system 
has  been  developed  in  which  the  circulating  water  dischaiged  from  the  engine  is 
passed  through  a  heater  utilizing  the  sensible  heat  of  the  exhaust  gases  to  further 
raise  its  temperature.  From  this  heater  the  water  may  be  piped  to  a  hot-water  heat- 
ing system,  thus  realizing  a  marked  economy,  which,  of  course,  should  be  credited 
in  estimating  power  cost. 

5.  Gas^ngine  exhaust  will  raise  jacket  water  to  the  boiling  point.  Little  addi- 
tional fuel  is  necessary  to  raise  steam  for  heating.    Successful  exhaust  heaters  now 
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cm  the  market  are  very  siinple.  Steam-eDg;ine  builders  always  use  heating  as  an 
argument.  Given  a  chance,  gas-engine  builders  can  furnish  heat  and  power  with 
very  small  reduction  in  comparative  saving. 

6.  Inability  to  heat  buildings  is  not  a  serious  drawback.  A  great  deal  of  heating 
can  be  done  with  the  waste  heat  from  a  gas  engine,  and  although  there  is  room  for 
much  development  in  this  line,  the  objection  does  not  seem  to  be  serious  at  present. 

USE  WITH  BITUMINOUS  COAL. 

8.  Lack  of  types  of  producers  that  will  gasify  bituminous  coal  satisfactorily. 

Could  the  disinterested  comments  of  a  large  number  of  producer- 
gas  investigators  be  procured,  the  discussion  regarding  item  8  would, 
I  believe,  center  about  the  word  "  satisfactorily." 

The  Government  investigations  at  St.  Louis,  Mo.,  and  Norfolk,  Va., 
demonstrated  without  question  that  both  the  updraft,  or  pressure, 
producer  and  the  down-draft  type  will  generate  an  excellent  gas 
from  bituminous  coals,  entirely  suitable  for  the  commercial  operation 
of  gas  engines. 

There  are,  of  course,  inherent  difficulties  in  each  type,  such  as  the 
mechanical  extraction  of  the  tar  in  the  updraft  producer,  which 
reduces  the  efficiency  of  the  plant  and  forces  on  the  owner  an 
undesirable  by-product,  and  the  excessive  labor  in  cleaning  the 
down-draft  system,  the  requirements  of  cleaning  also  prohibiting  the 
continuous  Operation  of  a  single-generator  unit.  Undoubtedly  modi- 
fications will  be  made  that  will  reduce  these  objections  to  a  minimum, 
and  other  developments  will  gradually  simplify  such  plants;  but  even 
as  the  plants  exist  to-day  the  fact  is  that  approximately  52  per  cent 
of  the  total  producer-gas  horsepower  in  this  country  is  developed  from 
bituminous  coal  and  lignite. 

Owing  to  commercial  considerations  these  installations  for  the 
most  part  use  fuels  of  good  quality — that  is,  the  regular  marketable 
grades.  That  it  is  not  necessary  to  restrict  the  operation  to  these 
better  grades,  so  far  as  making  gas  of  the  proper  quality  is  concerned, 
was  demonstrated  beyond  question  by  the  Government  tests. 

The  testing  plant  at  St.  Louis  ran  satisfactorily  on  many  coals  con- 
taining over  20  per  cent  ash.  One  West  Virginia  bony  coal  contained 
as  much  as  44  per  cent  ash,  and  with  this  fuel  the  consumption  was 
only  1.65  pounds  of  coal  as  fired  per  brake  horsepower  per  hour. 
Among  the  other  fuels  that  may  be  classed  as  low  grade  and  that 
were  successfully  used  in  this  plant  are  large  slaty  roof  slabs,  or  roof 
coal,  Illinois  bone,  washeiy  refuse,  and  Rhode  Island  graphitic 
anthracite. 

Peat  forms  an  excellent  fuel.  *" 

With  such  a  wide  range  of  available  fuels,  and  with  the  supply  of 
anthracite  and  the  better  grades  of  bituminous  coal  decidedly  limited, 
the  producer  types  now  in  use  will  doubtless  in  due  time  be  improved 
and  modified  so  as  to  adapt  them  to  the  lower-grade  or  high-ash  fuels. 
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The  general  situation  in  Europe  is  not  yeiy  different  from  our  own, 
as  owners  are  for  the  most  part  using  the  better-grade  fuels  and  leav- 
ing the  poorer  grades  in  the  mines.  They  recognize  this  as  a  serious 
situation  and  are  deeply  interested  in  the  possible  utilization  of  low- 
grade  fuels  in  the  gas  producer. 

During  an  inspection  trip  in  10  European  countries  in  1908  I  found 
anthracite  coal,  brown-coal  briquets,  and  peat  in  general  use  in 
producer-gas  power  plants.  Bituminous  coal  was  also  extensively 
used,  but  in  most  plants  only  noncaking  coals,  moderate  in  tar 
production  and  low  in  ash,  were  handled. 

For  one  installation  of  many  thousand  horsepower  the  coal  was 
taken  directly  from  mines  bought  by  the  owners  expressly  for  the 
use  of  their  plant,  but  I  learned  that  the  high-grade,  marketable  coal 
was  used  in  these  producers  and  the  grades  relatively  high  in  ash 
were  not  taken  from  the  mines. 

In  two  instances  only  was  I  able  to  learn  of  the  use  of  high-ash  fuels. 
In  one  installation  a  mixture  of  culm,  roof  coal,  and  washery  refuse, 
reported  as  averaging  53  per  cent  ash,  was  being  used  in  a  by-product 
recovery  plant.  This  plant,  which  was  experimental,  had  been  in 
commission  about  one  year.  Considerable  time  was  required  for 
adapting  the  plant  for  the  successful  handling  of  the  fuel,  but  the 
reports  indicated  that  for  three  months  before  my  visit  little  or  no 
difficulty  had  been  experienced. 

The  other  plant  was  at  the  time  of  my  visit  under  full  operation, 
using  roof  slabs  that  gave  little  indication,  on  casual  inspection,  of 
containing  any  combustible  material.  It  was  claimed  that  this  fuel 
averaged  over  60  per  cent  ash — a  claim  that  seemed  entirely  reason- 
able. The  producers  were  not  only  supplying  a  number  of  furnaces 
with  gas,  but  were  also  operating  a  1,000-horsepower  and  a  250- 
horsepower  gas  engine.  A  500-horsepower  engine  was  being  added 
to  the  equipment.  The  engines  in  use  were  direct-connected  to 
electric  generators.  The  10,000-volt  current  is  used  for  operating 
the  local  mine  machinery  and  also  for  furnishing  lights  for  neighboring 
towns  and  power  for  a  street  railroad.  The  plant  was  reported  to  be 
using  over  100  tons  of  this  low-grade  fuel  per  day. 

In  1912  the  manufacturers  make  the  following  statements: 

1.  The  updraft  producer  for  bitcuninous  coal,  uaiog  a  centaifugal  scrubber,  baa 
been  generally  succeflsful.  From  our  knowledge  of  the  double-zone  producen  we 
believe  that  the  question  of  the  mains  filling  with  lampblack  and  soot  is  a  very  serious 
problem,  far  greater  than  the  mechanical  disposal  of  tar. 

2.  There  is  a  good  demand  for  producers  for  small  power  to  use  bituminous  coal. 
It  is  possible  to  manu^ture  a  pbnt  of  this  kind,  but  the  first  cost  is  so  hig^  as  to  be 
prohibitive  in  many  cases. 

3.  Our  experiments  with  bituminous  coal  have  not  been  satisfactory.  A  satisfactory 
scrubber  for  the  small  plaot  is  not  available.  Also  in  the  small  plant  the  labor  for 
stoking  is  excessive  when  soft  coal  is  used. 
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4.  Bitominoufl  producen,  in  large  luiits,  with  proper  auxiliaries,  are  succeaBful. 
Small  bitumiDOus  producers,  owing  to  coet  and  difficulty  of  tar  extraction,  are  not 
as  yet  successful. 

5.  Successful  bituminous  producers  are  now  in  operation,  but  not  yet  well 
advertised. 

6.  There  is  a  lack  of  producer  types  for  the  use  of  bituminous  coal.  In  fact  there 
are  altogether  too  many  plants  proposed  for  this  service,  all  of  which  are  tolerably 
successful.  They  are  not,  however,  developed  to  a  point  where  the  confidence  of  the 
purdiaser  can  be  fully  assured. 

CHEAP  FUELS  IN  SUCTION  PRODUCERS. 

9.  Inability  to  use  cheap  fuels  in  the  suction  gas  producer. 

In  1909  the  review  of  this  situation  was  as  follows: 

One  of  the  manufacturers  has  said,  ^'A  satishctory  suction  soft-coal  producer  would 
be  a  great  boon  to  the  gas-engine  and  producer  businesB.' '  There  are  at  present  a  few 
plants  operating  successfully  on  lignite,  and  in  special  cases  bituminous  coal  has  been 
used,  but  this  practice  can  not  be  regarded  as  sufficiently  satis&ctory  in  all  particu- 
lars to  warrant  the  indiscriminate  installation  of  such  plants. 

It  is  understood  that  the  two  producer  plants  now  being  erected  in  tois  country  for 
operation  with  peat  are  of  the  suction  type. 

The  suction  plant  is  used  in  Europe  for  practically  the  same  varieties  of  fuel  as  ir 
thia  country,  namely,  anthracite  coal,  coke,  brown-coal  briquets,  and  -peAt.  The 
number  of  such  peat  producer-gas  plants  is  great. 

My  attention  was  drawn  to  only  one  suction  plant  in  Europe  actually  operating 
under  commercial  conditions  upon  bituminous  coal.  This  plant  appeared  to  give 
entire  satisfaction,  but  dose  inquiry  brought  out  the  fact  that  it  was  necessary  to 
procure  certain  grades  of  coal  and  further  that  it  was  necessary  to  mix  three  varieties 
in  definite  proportions  to  insure  successful  operation. 
•  There  is  certainly  opportunity  for  further  development  along  this  line. 

The  views  of  manufacturers  in  1912  are  as  follows: 

1 .  There  is  no  doubt  but  that  suction  plants  require  somewhat  better  grades  of  fuel 
than  do  pressure  plants,  idthough  this  difference  has  been  overcome  in  a  great  many 
instances  by  the  use  of  an  exhauster.  It  almost  always  pays  to  use  a  good  grade  of 
fuel.    ''The  better  the  leather  the  longer  your  shoes  last." 

2.  Many  cheap  fuels  can  be  used,  but  some  are  not  suitable  and  should  be  avoided. 
Careful  investigation  along  this  line  will  always  prevent  trouble. 

3.  We  do  not  consider  the  use  of  cheap  slack  coal  in  suction  plants  as  at  all  necessary 
to  the  progress  of  the  art.  It  would  be  very  desirable,  however,  that  the  producer 
plant  should  be  capable  of  using  the  same  grade  of  fuel  that  is  economical  to  use  in  the 
boUer  plant.    At  present,  however,  this  is  not  usually  the  cheap  low-grade  fuel. 

RELATIVE  FUEL  VALUES. 

10.  Lack  of  complete  knowledge  as  to  how  successfully  the  various  fuels  in  different 
localities  can  be  used  in  gas  systems. 

A  special  object  of  the  investigations  made  at  the  Government  fuel- 
testing  plant  for  years  has  been  to  determine  the  relative  fuel  value 
of  coals  found  in  the  United  States,  and  it  is  expected  that,  as  the 
results  become  available,  this  work  will  supply  the  necessary  infor- 
mation concerning  the  various  kinds  of  fuel  tested. 
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The  manufacturers  in  1912  state: 

1 .  This  question  should  be  investigated  thoroughly  by  every  producer  manufacturer 
before  installing  a  plant  where  there  will  be  the  slightest  question  of  Izouble  from  this 
source.  Although  chemical  analysis  will  in  a  large  measure  supply  the  desired  infor- 
mation, yet  in  some  cases  relative  fuel  values  should  be  investigated  to  the  extent  of 
trying  out  the  producer  fuel  proposed. 

2.  There  is  much  to  be  aocompliahed  in  an  experimental  way  in  connection  with 
various  fuels.  This  subject  has  been  gone  into  extensively  by  you  in  your  investiga- 
tions, but  we  believe  that  it  would  be  well  if  a  laige  plant  could  be  installed,  say  of 
500  to  1,000  horsepower,  and  operating  particularly  on  these  various  fuels  over  fairly 
long  periods  of  time,  so  that  we  would  have  a  more  exact  knowledge  of  what  they  will 
do.  It  appears  that  there  is  a  chance  to  gain  considerable  information  of  importance 
along  this  line  from  large  plants  already  installed,  but  the  writer  does  not  know  that 
anybody  has  looked  into  the  matter  in  a  systematic  way  and  tabulated  general  infor- 
mation that  might  be  obtained. 

3.  Information  regarding  the  behavior  of  different  fuels  when  used  in  connection 
with  producer  plants  would  prove  of  great  value  particularly  as  this  information 
became  more  general. 

4.  Venturesome  gas-producer  builders  and  inexperienced  salesmen  are  responsible 
for  trouble  from  this  source. 

5.  The  required  manner  of  handling  one  fuel  as  compared  with  another  is  seemingly 
well  enough  understood  to  prevent  any  serious  difficulty  from  this  score. 

EXCESSIVE  COST. 

11 .  Large  excess  cost  of  gas-engine  and  gas-producer  power  plants  over  that  of  steam- 
power  plants. 

In  1909  my  comment  on  the  cost  of  producer-gas  plants  was: 

After  examination  of  many  tables  of  costs,  the  conclusion  is  that  complete  producer- 
gas  installations  for  the  larger  plants,  say  from  4,000  to  5,000  horsepower ,<*  cost  about 
the  same  as  those  of  first-class  steam  plants  of  the  same  rating.  With  smaller  installa- 
tions the  balance  is  probably  in  favor  of  the  steam  plant.  However,  even  if  the  steam 
plant  costs  15  per  cent  less  than  the  producer-gas  plant,  it  should  not  be  forgotten  that 
the  increased  efficiency  in  operating  the  latter  will  make  up  the  difference  in  the  first 
cost  within  a  short  time — ^probably  in  two  or  three  years  in  the  average  plant. 

It  must  be  acknowledged  that  the  cost  of  producer-gas  power  installations  is  exces- 
sive, and  that  there  must  necessarily  be  a  reduction  in  price  when  the  amount  of 
business  will  warrant  it.  A  most  encoiuraging  sign  is  manifested  in  item  10,  page  12, 
in  which  a  manufacturer  actually  says,  ''I  do  not  believe  that  the  high  selling  cost  is 
warranted  by  the  shop  costs." 

A  transaction  came  to  my  attention  in  which  a  gas  producer  was  offered  at  a  figure 
which  was  reported  to  be  *' actual  shop  cost.''  Within  10  days  another  company 
offered  a  plant  of  the  same  rated  capacity  for  one-third  of  the  price,  and  this  manu- 
facturer casually  remarked,  "and  I  shall  not  lose  on  it  at  this  price.'' 

The  demand  for  figures  of  the  approximate  cost  of  these  installations  has  become  so 
persistent  that  the  following  tables  are  presented,  althou^  somewhat  incomplete. 


o  A  5,50(>-honepower  ptoducetigBa  -power  plant  oomplete,  IndadJng  electrical  macUiiery,  bafldlngs^  < 
all  erected,  Is  reported  to  have  cost,  Indndlng  freight,  S78  per  hoiaepower.    At  the  aame  time  the  report 
was  pabUahed  that  the  coaaapondliig  figares  for  a  oonq^eting  steam  pItt 
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Cast  of  producer-gas  engines,  1909. 


Ilorse- 
power. 

Cost 

f.  0.  b. 

factory. 

Cost  of 
engine 
erected. 
Includ- 
ing foun- 
dation. 

Cost  per  horso- 
powor. 

F.  0.  b. 
factory. 

Erected, 
Includ- 
ing foun- 
dJEition. 

20 

65 

60 

60 

76 

80 

80 

80 

80 

85 

85 

100 

100 

110 

110 

110 

112 

125 

130 

135 

150 

160 

160 

185 

210 

250 

300 

400 

400 

600 

1,000 

2,000 

$1,100 

$1,150 
2,400 

$55.00 

$43.70 

2,800 
2,900 
3,610 

46.70 
48.40 
48.10 

3,933 
3,300 

62.40 
41.20 

3,400 

3,250 

3,830 

4,150 

3,550 

4,300 

4,925 

4,950 

4,960 

5,100 

4,200 

5,450 

5,250 

6,600 

6,200 

5,500 

6,100 

7,800 

8,600 

6,650 

10,500 

12,000 

12,800 

17,400 

33,750 

64,850 

42.50 
40.70 
47.90 
48.90 
41.80 
43.00 
49.25 
45.00 
45.10 
46.30 
37.50 
43.60 
40.40 
48.90 
41.30 
34.40 
38.10 
42.20 
40.90 
26.60 
35.00 
30.00 
32.00 
29.00 
33.75 
32.43 

6,770 

42.30 

7,360 

29.40 

'33.'56' ' 

67,125 

Cost  per  horsepower  of  producer-gas  installations,  1909. 


Horse- 
power. 

Oas  producer 
and  engine 

erected, 
exclusive  of 
foundations. 

Oas  producer 

and  engine 

erected, 

including 

foundations. 

C-ompIete 
plant,  ex- 
clusive of 
buildings.^ 

Complete 

plant, 

including 

buildings.^ 

20 

25 

25 

50 

60 

75 

75 

80 

100 

110 

110 

125 

125 

150 

20O 

2S0 

300 

500 

1,000 

2,000 

2,800 

4,000 

4,000 

4,ono 

4,800 
4,800 
5,500 

$106.00 
62.50 
115.00 
86.00 
09.50 
75.00 
86.50 
62.00 
67.00 
60.50 
62.50 
65.00 
90.00 
70.00 
67.00 
66.00 
68.00 

$108.50 

74.50 

68.00 

$100.00 

68.00 

79.00 

$03.00 

84.40 
69.50 
56.50 

55.50 
46.00 

79.50 
63.50 
76.00 
69.00 
72.00 
77.50 
72.00 
79.50 
70.00 

47.50 

•  IndudM  producer,  engine,  electric  generator,  piping,  and  auzillarl  s,  all  erected,  with  suitable  founda- 
tions. 


^8 


t»B6DuC£tt-QAd  poymk  pLAi^f . 


Considerable  variation  will  be  noticed  in  the  prices  quoted  by 
different  manufacturers  for  plants  of  the  same  rated  capacity.  In 
some  cases  this  difference  is  warranted  by  a  difference  in  the ''  quality." 
In  others  it  is  due  to  a  difference  in  the  number  of  units  installed  to 
make  up  the  total  required  horsepower  or  to  different  requirements 
for  auxiliary  equipment. 

The  following  statements  show  the  views  of  manufacturers  in  1912: 

1.  The  exceflsive  cost  will  be  reduced  when  increased  demand  cuts  down  the 
''overhead"  expense  of  manufacture. 

2.  The  excessive  cost  of  plants,  especially  in  the  smaller  sizes,  seems  to  be  a  great 
drawback. 

3.  We  believe  that  the  cost  of  plants  has  been  coming  down  in  the  past  two  or  three 
years,  but  it  is  still  rather  high  and  future  improvements  will  probably  bring  the 
figures  down. 

4.  A  good  producer-gas  power  plant  can  be  installed  for  just  about  the  same  money 
that  would  be  required  for  a  firstpclasB  condensing  steam  plant,  and  would  show  a 
material  fuel  economy  over  the  latter.  However,  in  the  majority  of  small  plants 
where  producers  would  otherwise  logically  be  used,  the  purchaser  objects  seriously 
to  spending  more  money  for  a  gas  plant  than  would  be  required  for  an  ordinary  type 
of  steam  equipment.  The  large  difference  in  fuel  consumption  does  not  seem  to  be 
important  as  compared  with  the  additional  investment  required.  We  believe, 
however,  that  this  handicap  will  soon  be  overcome. 

In  order  that  definite  comparisons  may  be  made  between  prices 
in  1909  and  1912  the  following  sunmiaries  of  the  data  supplied  by 
the  manufacturers  this  year  are  added: 

Cost  of  producer-ffos  engines,  191 1. 


Ciwtof 

engine 

erected, 

inoludiniB; 

Cost  per  horseiMwer. 

Hofse- 
power. 

Ck»t 

f.  0.  b. 

factory. 

F.  0.  b. 

Erected, 
Including 

ivuuun 

tk>n. 

factory. 

founda- 
tions. 

45 

Sl,«60 

82,400 

843.80 

863.30 

£0 

2,000 

2,500 

40.00 

60.00 

50 

2,200 

2,500 

44.00 

50.00 

55 

2,250 

2,700 

40.00 

40.10 

76 

3,300 

3,850 

44.00 

51.30 

100 

3,850 

4,475 

38.50 

44.75 

100 

4.000 

4,400 

40.00 

44.00 

100 

4,000 

4,600 

40.00 

46.00 

125 

4,500 

5,150 

36.10 

41.30 

150 

5,800 

6,670 

88.70 

44.60 

165 

6,800 

7,550 

41.90 

45.80 

180 

6,500 

7,500 

86.10 

41.70 

190 

8,500 

9,250 

44.76 

.  48.70 

aoo 
aoo 

7,000 
7,800 

35.00 
39.00 

8,'976" 

ii'ss"' 

aoo 

8,500 

9,500 

42.50 

47.50 

aoo 

9,700 

48.50 

250 
250 

8,566"' 

0,200 

34.'66'" 

36.80 

"  'i6,'566"' 

4l66"* 

250 

10,600 

11,600 

42.40 

46.40 

300 

10,200 

34.00 

300 

11,600 

*    ■i3,'i26" 

38.30 

4i*75'" 

300 

11,800 

12,900 

39.30 

43.00 

300 

12,500 

13,500 

41.70 

45.00 

500 

16,000 

18,000 

32.00 

36.00 

500 
500 

17,000 
20,000 

34.00 
40.00 

*  ■22,'666"* 

46.66** 

1,000 

31,000 

85,000 

31.00 

35.00 

1,000 

34,000 

34.00 

1,000 

35,000 

'     *39,'666"' 

35.00 

39.'66'" 

3,000 

00,000 

101,500 

30.00 

38.85 
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Cost  of  gas  producers,  191X. 


Horse- 
power. 

Cost 

f .  0.  b. 

factory. 

Cost 
erected, 
including 
founda- 
tion. 

Cost  per  horsepower. 

F.  0.  b. 
factory. 

Erected, 
including 
founda- 
tion. 

15 

15 

26 

25 

35 

50 

50 

50 

50 

75 

75 

100 

100 

100 

100 

100 

150 

150 

150 

150 

200 

200 

200 

200 

200 

200 

250 

250 

250 

250 

300 

300 

300 

300 

500 

500 

500 

1,000 

•1,000 

1,000 

63,000 

8306 
450 
456 

560 

560 

700 

730 

900 

1,400 

910 

940 

1,060 

1,100 

1,200 

1,450 

826.40 
30.00 
18.20 
22.40 
16.00 
14.00 
14.60 

laoo 

28.00 
12.15 
12.50 
10.50 
11.00 
12.00 
14.50 

8500 

833.35 

625 

25.00 

820 
1,035 
1,800 

16.40 
20.70 
38.00 

1,060 

14.00 

1,230 
1,380 
1,850 
2,400 

12.30 
13.80 
18.50 
24.00 

1,296 
1,530 
1,600 

8.65 
10.20 
ia66 

1,710 
1,840 
3,300 

11.40 
12.30 
22.00 

1,726 
2,060 
2,200 
2,800 
3,000 

ia25 
11.00 
14.00 
15.00 

2,300 
2,750 
3,220 
3,700 
4,000 

11.50 
13.75 
16.10 
18.50 
20.00 

2,100 
2,600 
3,500 

&40 
ia40 
14.00 

2,900 

4,300 

4,750 

3,500 

3,600 

3,910 

5,700 

7,000 

10,000 

9,400 

13,500 

17,000 

18,700 

44,000 

11.60 
17.20 
19.00 
11.65 
12.00 
13.05 
19.00 
14.  (N) 
2a  00 
18.80 
13.50 
17.00 
18.70 
14.65 

2,700 
3,200 
3,400 

9.00 
ia66 
11.35 

6,000 
8,500 

12.00 
17.00 

12,000 
14,500 

12.00 
14.50 

40,000 

13.35 

•  2  times  500. 


6  5  times  600. 


Cost  of  produMT'^as  instaUationSj  191t, 


Hone> 
power. 

Cost  of  gas 
producer 

and  engine 
erected, 

including 
founda- 

tlODS. 

Cost  Of 
complete 

plant, 
exclualye 
ofbulld- 

ingi.^ 

Cost  Of 
complete 

plant, 
including 

bnUd- 

ingB.a 

Cost  per  horsepower. 

Gas  pro- 
ducer and 

engine 

erected, 
including 

founda- 
tions. 

Complete 

plant, 

exclusive 

ofbulld- 

ings.a 

Complete 
plant, 

including 
bnUd- 
tng8.« 

50 

100 

200 

200 

250 

300 

500 

500 

1,000 

1,000 

3,000 

84,300 
6,260 
12,400 
13,200 
14,800 
17,000 
25,000 
32,500 
48,500 
56,000 
145,500 

85,800 
7,800 
15,800 
16,200 
18,200 
22,000 
29,500 
47,500 
57,500 
84,000 
202,000 

886.00 
62.50 
62.00 
66.00 
58.20 
56.65 
5a  00 
65.00 
48.50 
56.00 
48.50 

8106lO0 
78.00 
79.00 
81.00 
72.80 
73.35 
50.00 
95.00 
57.50 
84.00 
67.35 

89,100 
17,500 

891.00 
87.50 

23,800 

79.35 

•  InchideB  producer,  engine,  electric  geoentor,  piping,  switchboard,  and  auxiliaries,  all  erected  with 
■litable  founoaUoDS. 
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OVERRATING. 

In  1909  the  general  statement  in  regard  to  overrating  was: 

Among  the  difficulties  in  the  way  of  the  proper  development  of  producer-gas  power 
special  attention  is  called  to  the  overrating  of  producers.  It  is  exceedingly  gratifying 
'to  note  that  this  point  is  at  last  recognized  by  at  least  one  of  the  companies  building 
these  plants.  This  tendency  to  overrate  producers  has  been  especially  prevalent 
among  the  builders  of  the  suction  plants.  In  inspecting  a  large  number  of  installa- 
tions throughout  the  country  this  weakness  has  repeatedly  attracted  attention.  It 
has  been  observed  frequently  that  a  given  plant  using  anthracite  fuel  of  good  quality 
will  present  no  operating  difficulties  when  working  up  to  50  or  75  per  cent  of  the  rated 
capacity  of  the  producer,  but  if  the  producer  is  forced  to  its  full  rating  for  any  length 
of  time,  clinkering  and  other  operating  difficulties  are  encountered.  These  are  often 
sufficiently  serious  to  necessitate  a  reduction  in  load  at  a  time  most  unfortunate  for 
the  factory. 

This  overrating  has  come  about  very  naturally  through  early  attempts  to  adopt 
Eiuopean  figures  for  rate  of  fuel  consumption.  Experience  with  American  fuels  has 
shown  that  decided  modifications  in  this  fuel-consumption  rate  are  absolutely  neces- 
sary, and  although  some  manufacturers  have  given  this  matter  careful  consideration 
it  is  undoubtedly  true  that  others  are  still  using  grate  areas  too  small  for  the  demands 
that  their  producers  are  expected  to  meet. 

In  spite  of  the  difficulties  indicated,  the  producer-gas  power  plant  is  in  the  main  an 
assured  success.  In  fact,  it  is  in  the  appreciation  of  these  difficulties  by  conservative 
manufacturers  that  the  possibilities  of  a  steady  and  strong  development  lie.  The  true 
status  of  this  type  of  power  is  well  defined  by  a  representative  of  one  of  the  strongest 
companies  in  this  country  when  he  states  that  *  *  the  gas  engine  and  producer  have  come 
to  stay.  They  are  of  great  economic  value.  They  have  their  peculiar  applicatioa, 
however,  and  are  not  a  universal  panacea  for  all  our  previous  iUs." 

The  replies  received  from  manufacturers  in  1912  state: 

1.  A  frequent  trouble  which  exi>erienced  builders  will  avoid  in  the  future. 

2.  The  tendency  to  overrate  plants  in  the  earlier  stages  of  the  producer  businees  has 
been  fully  demonstrated.  It  is  our  belief,  however,  that  the  producer  manufacturen 
are  now  supplying  a  great  deal  larger  equipment  for  a  given  capacity  thim  fonneriy. 
The  fact  that  producers  are  rated  in  horsepower  is  in  itself  misleading.  It  is  our  belief 
that  capacities  should  be  designated  by  the  internal  diameter  or  area  of  the  fuel  bed. 
In  other  words,  a  comprehensive  rating  should  be  based  on  the  number  of  heat  units 
per  square  foot  of  grate  surface. 

3.  We  do  not  believe  that  there  is  so  much  of  a  tendency  to  overrate  capacities  of 
plants  as  there  was  formerly.  In  the  infancy  of  the  business,  there  was  a  tendency  to 
claim  extremely  high  efficiencies  and  a  claim  to  gasify  any  and  ev^y  type  of  fueL 
This  has  been  largely  done  away  with;  on  large  installations  in  particular  special 
arrangements  are  made  to  take  care  of  special  conditions. 

4.  It  might  be  well  to  mention  one  point  frequently  overlooked  by  gas-engine 
builders  in  the  past,  namely,  the  effect  of  altitude  and  high  temperature  on  gas-engine 
capacities.  Standard  rating  being  made  on  the  basis  of  sea-level  atmospheric  pressure 
and  70°  air  and  gas  temperatures,  engines  operating  where  these  conditions  seldcnn  if 
ever  prevail  have  been  imable  to  give  the  desired  results.  To-day  there  is  a  more 
general  appreciation  of  the  physical  factors  affecting  engine  performances. 

5.  There  is  at  present  little  tendency  to  overrate  the  capacity  of  plants,  except 
possibly  as  applied  to  a  given  industry.  It  sometimes  occurs  that  the  maximum  or 
peak  load  that  may  be  reached  in  a  given  iadustry  is  underestimated,  but  the  plants 
themselves  are  generally  fully  capable  of  developing  their  rated  power. 

6.  The  costs  of  plants  have  fallen  rapidly  and  it  is  found  better  to  overrate  than 
underrate  the  plant.  We  have  displaced  producers  with  which  the  greatest  fault  has 
been  underrating. 
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VIEWS  OF    OWNERS    AND    OPERATORS    OF   PRODUCER- 

OAS  PliANTS. 

NOTES  OF  INBPBOnON. 

Unfortunately  no  detailed  examination  of  the  plants  in  this  country 
has  been  made  by  representatives  of  the  Bureau  of  Mines  during  the 
past  four  years,  but  incidental  reports,  coupled  with  the  fact  that 
many  owners  have  added  to  their  installations  during  the  past  three 
years,  lead  to  the  conclusion  that  the  general  attitude  of  the  owners 
and  operators  is  at  the  present  time  even  more  favorable  to  producer 
gas  than  when  the  following  notes  were  made.  The  information 
recorded  below  was  procured  through  my  personal  inspection  during 
the  summer  of  1900  and  by  C.  D.  Smith,  an  engineer  of  the  Bureau 
of  Mines,  in  1908. 

No  plan  was  followed  in  selecting  the  plants  to  be  visited,  and,  with 
one  or  two  exceptions,  no  notice  of  the  inspection  was  given  the  owners 
or  operators  before  arrival  at  the  plant. 

In  the  following  table  are  presented  the  essential  details  of  the 
plants  visited.  The  observations  which  follow  the  table  were  made 
and  recorded  at  the  time  of  the  visits: 

Summarized  parHculars  of  produeer-gas  power  instalUUione  vieited. 


o 


Prodnoers. 


Typt. 


I 
2  1. 

3 :. 

4    . 

I 


Suetion..     1 


..do. 
..do. 

..do. 

..do. 

..do. 


^1    1 
1 

1 

1 


4 

8  . 

»  . 

10  . 

11  . 

12  ,.. 
13 


14 


15 
16 

17 

18 


.do 

.do.... 

.do 

.do 

.do.... 

.do 

.do.... 


.do. 

.do. 
.do. 

.do. 

.do. 


1 
1 
1 
1 
1 
1 
1 


2S 

25 

30 

30 
35 


fiO 

50 
50 
50 
50 
50 
60 
60 

60 


60 
60 

50 

00 


\i 


In. 


28 


30 
28 

36 


30 
28 


FueL 


Ktedapd 


Aatix.pM. 
.do. 


A  nth. 

touok. 
Aiith.p«a. 

Axitli.«nd 

anth., 
mixed. 
AnUi.pM. 

...do. 


I  •  •  ^Av*  a  •  •  •  < 


Aiith.pee. 

I  •  ■  UO»  •••••• 

I  •  •  U  V*  •••••• 


» •  •  Uv«  •••••• 

...do. 

Cimtootl.. 


Amount 

'^^^^^^  \^Ba^^ 

proximftw). 


1.25      per 
b.  h*  p.  hr. 


300  per  day. 


LOjMrbJLp. 
tar. 


400  per  day.. 
460-600  p.  d.. 


240  per  day. 


SOO^ttOp.d.. 
700  per  day.. 
l,3«perday 

450-600  per 

day. 


300  per  day.. 
550  per  day.. 

660  per  day.. 

1  per  b.  b.  p. 


Method  of 
charflng. 


Stineeaday 
Onee  an 
hour. 


Varies  wltb 

load. 
Twice  a  day. 


3t)me8aday 


Stimesaday 

I  • • ■ ■  U  v«  « • • • •  ■ 

Every  30 
mins. 

Fill  every 
morning, 
oharge  as 
needed. 

Twice  a  day. 

Every  25  to 
aOmlns. 

4timesaday 


Water  supply. 


City  mains. 


City  mains. 


WeU. 


Pressure  main. 

City  mains 

...'do 

WeU. 

Pressure  main. 


City 


WeU 

City  water. . 


WeU. 


City  main. 


Number  of 

men  reouired 

each  shift. 


One. 

5  hrs.  time  ef 

one. 
Part   time   oT 

one. 
One    (12    br. 

shuts). 


One  2  his.  per 
day. 
Do. 

Do. 

Do. 
One. 
Part   time   of 

two. 
One  2  hrs.  per 

day. 


Do. 
Do. 

yTftif   t****   of 

one. 
One. 
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9 


19 

20 

21 
22 
23 
24 

25 
36 
27 
28 
29 
30 

31 


32 
33 
34 


36 
36 

87 
38 


40 
41 
42 

43 

44 

46 


Produoefs. 


Type. 


.do. 
.do. 


62 


63 


M 


46 

...do 

47 

...do.... 

48 

...do 

40 

Pressore. 

60 
61 

...do..... 
...do..... 

A 


Suction 

...do... 

...do... 
. .  .do. . . 

...do 

...do... 

...do... 
...do... 

...do 

...do 

...do 

...do 

...do... 

. .  .do 

. .  .do.... 
...do 

...do... 
...do 

...do 

...do 

...do 

...do..., 
...do.... 
...do.... 


.do. 


. .  .do. . . 


.do. 


. .  .do. . . , 


'*% 


1 
1 

1 
2 
1 


1 
2 

2 
1 


60 

60 

60 
70 
75 
75 

80 
95 
100 
100 
100 
100 

100 


120 
120 
125 


126 
125 

130 

(•) 
160 


160 
200 
200 

2PQ 

200 

200 

300 
300 

360 
85 


200 

200 

250 


260 


260 


In, 


{ 


36 


64 


84 


60 


42 
54 

66 


Fml. 


Kind  and 
site. 


84 


84 


AntlLpea. 

An  th. 

bnck. 
Anth. 
..do.. 


Amount 
uaed(ap 


AntlL])«a. 


..do. 
..do. 
..do. 
..do. 
..do. 
..do. 


.do..... 


do. 
do. 
.do. 


.do. 
.do. 

.do. 
.do. 
.do. 


.do. 


Anth. 

hack. 
Anth.  pea. 


..do. 


..do. 
..do. 


.do 

...do 


lA  n  t  h  . 
[    buck., 
I    No.  1. 
Anth.  pea. 


Anth.  ^. 
Anth.  pea. 


Bit.. 


Pounds. 
386  per  day., 

l>1.5  per 
b.  h.  p.  hr. 


a00ta7hrs. 


1,000. 


700  per  day.. 

1,000-1,200 
per  day. 

1,000-1,200 

per  day. 
800-900  per 

day. 
Less  than  1 
per  b.  h.  p. 


850  per  day.. 
876  per  day.. 


1.8perb.h.p. 

hr.  inc. 

stand-by. 
500-600per 

day. 
136  per  hr... 


1,000  per  day 


660 per  day., 

900  per  day., 
2perb.h.p. 


2,200  per  day 
1,800  per  day 


^3,800  per  day 

800-1,000  per 
day. 


1,600  per  day 
3,700  -  3,200 


day. 
-1300 
per  day. 


pero 
L,TOO- 


Anth.pea. 


3,000  per  day 


Method  of 
charging. 


Water  supply. 


Twice  a  day. 
3time8aday 


Otinusaday 


About  onoe 
an  hour. 

3or  4  timea 
a  day. 

do 

Twice  a  day. 

6  times  in  34 
his. 


3  or  4  times 

a  day. 
4tlmesaday 


70  lbs.  each., 
hour. 

Everr  3  to 
2i  hours. 


126  lbs.  at  a 
charge 
when 
needed. 

Every  hour 
and  a  half. 

3  times  a  day 
1,000    lbs. 

charged 

eachmotn- 

ing. 
According 

to  need. 
Every  40 

mins. 

Every  6  hrs. . 

175  lbs.  at  a 
charge 
when 
needed. 

4  times  a  day 
Every  hour. 

1601b6.about 
once  an 
hour. 


3  or  4  times 
a  day. 


.do. 


WeU 

City  mains 


City  water 


WeU, 

y  ^ 
with  cooling 
tower. 
City  mains 

Wells 


Number  of 

men  reoiiired 

eaehsbift. 


City  mains. 
Biver 


WeU. 


City  mains — 

Pressure  main. 
City  mains 


River 
City 

WeU. 


City  mains. 


WeU 

City  mains. 

....do 


Salt  water 
(roim 


3  hrs.  time  of 

cme. 
Part   time    of 
two. 

One. 

Part    time    off 


Two. 

Do. 
One. 


Do. 
Do. 


Do. 

One  4  hn.  per 

day. 
One. 


Do. 
Do. 
Do. 

Da 
Da 


Two. 

One. 
Part 
one.* 


time   of 


Part    time   of 

three. 
Two. 


Da 


Da 


Da 
Da 

Part  Ume  of 
two. 

FoO  ttme  of 
one  and  part 
tPmeofooB. 

Part  ttme  of 
onen 


^  One  126  horsepower;  one  not  stated. 


h  Plus  general  supervisioau 
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Stan^Mcriud pariieviar^ of produeer'gaa  power  wMteUofiotM- viiited    Continued. 


Producers. 

Fuel. 

Water  supply. 

6 

1 

Type. 

i 

gl 

z 

1 
1 

2 

2 
2 

2 

3 

3 
3 

1 
1 

2 

1 
6 

1 

Total  rated 
capacity, 
horsepower. 

Internal  diam- 
eter. 

Kind  and 
siie. 

• 

Amoiint 
uaed  (ap- 
proximate). 

Method  of 
charging. 

Number  of 

men  required 

each  shift 

55 

Preaaure. 

...do 

...do 

300 

300 
490 

500 
600 

600 

600 

7S0 
750 

1,780 
1,060 

1,000 

1,500 

3,000 

4,000 

/Ik 

Anth.pea. 
. .  .do. ..... 

1,000  per  540 
kw.hrs. 

1,800  per  day 

1.33  per  b.h. 
p.  hr.  or 
7,000   per 
day. 

5.300  per  day 
vlightload). 

Two. 

56 

Varies 

Every  2  hrs. 

Every  20  to 
30miD8. 

Varies; 
about  once 
an  hour. 

About  every 
hour. 

Every  2  hrs. 

Aooordingto 

need. 
Continuous 
feed.  . 

River 

Do. 

57 

84 

84 
96 

108 

96 
96 

...do 

Bit.  (New 
River). 
Anth.pea. 

A  n  t  h  . 
buck.. 
No.  2. 

A  n  th  . 
buck.. 
No.  1. 

Antb.  peft. 

A  n  t  h  . 
buck.. 
No.  1. 

Anth.  pea. 

Bit, 

Full    time   of 

1 

58  ...do 

59  ...do 

WeU;ai80city 

main. 
River 

two  and  part 
timeofone. 

Two. 

Three. 

60  ...do 

61  ...do 

82  ...do 

10,000-11,009 
per  day. 

5,000  per  day 

do 

Do. 
Two. 
Three. 

(S  ...do 

12,000  per 
day. 

Do. 

64  j...do 

65    Down- 

draft. 
66   ...do 

...do 

15,000  per 

day. 
1.4  per  kw. 

hiT 
Varies  much 

Shovelful  at 
a  time. 

Well 

Five. 

67 

...do 

...do 

. .  .do. ..... 

Brook 

Three. 

68 

108 

...do 

. .  .do. ..... 

Shovelful  at 
a  time. 

Wens 

Do. 

69  !...do 

1 

2 


3 
4 

m 

O 


6 

7 

8 

9 
10 
11 
12 

13 


l-cv1lnder,  horlsontal,  4-cy- 
cU    "    * 


ie,8|Dgle4Wtlttg. 
.do. 


do. 
.do. 
.do. 


.do. 
do. 
do. 


.do. 
.do. 
.do. 


2«ytinder,  tandem,  single- 
acting;,  4-cycle. 

3^11naer.  vertical,  single- 
acting,  4<cycle. 


Number  In- 
staUed. 

Rated  capac- 
ity, horse- 
power. 

Average  load, 
horsepower. 

1 

25 

1 

27 

(*) 

1 

80 

2^ 

1 

27 

30 

1 

35 

(*) 

1 

38 

30 

1 

50 

40 

2 

50 

(•) 

I 

26 

18 

1 

1 

38 
86 

36 

1 

60 

35 

1 

35 

35 

Belt  drive  to  shaft. 
....dfr. 


....do 

do 

Bell  drive-to  geD- 
erator. 


Belt  drive  to  shaft. 

do 

Gear     drive     to 

pwnps. 
Belt  dnve to  Shalt. 

do 

do 

Belt  drive  to  a.  o. 

generator. 
Bfii  drive  to  oea- 

trllagal  pump. 


10 
10 


10 
10 

8-12 


10 


11-18 
11 


2« 


OrlrtmlU  macbinary. 

Operating  air  eompres- 
son;  Btooe'  anrCabers, 
roughen^  etc. 

MaoffieBhopa. 

Brick  machinery. 

LightlBg  restaurants, 
caf^s,  etc.,  nmning  fans 
and  loe-maklDg  ma- 
ctaiBe.  (Laiger  engine 
being  InstalMI.) 

Carriagoshopw 

Woodworking  shop. 

Pumping  stauon. 

OrindlBg  and  pdidilng. 
Plant  not  nmning. 
Ooflee-raastlng  mm. 
Maohine  shop  and  lights. 


a  Varying. 

*  Vanaue;  over  30  horsepower  at  times. 

68126®— Bull.  55—13 3 


«  Usually  9;  12  at  present. 
AVarMiie;  1  to  dikilsiwatth 


«  50  bofgnoww  tt  times. 
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if  11 


Baltdrinloihatt. 


l-crlind«r,  horiuoUl,  *<y- 

»«jliader,  vtrtmi,  sUkgle- 

Mrtjiu,  Mfols. 
l^vUiitler,  boifiiiDUl,  4-117- 

da,  jlnglB  ■cttng. 
»«Tllnd«rT«ttlctJ,  atnilv- 

l-erUndtr.  figilianul,  dn- 

»«7lliiil«r,  mrool,  dntto- 
actlng,  M^ds. 

One  3-Dyllndsr,  TWtteal,  dn- 
gt^Mag,  4«Tele,  uul 
oas  l-cyllndir,  horlionUl, 


Bcttdijvt 

Gear     diiiv      lo 


BeltdrintaaluK. 


Beltdilrglaali>n. 


-- h*!,  Blngta- 

I-OTllnOBr,  borlMiital,  liii- 


aetlni,  i«TC|a. 
t-cyUnder,  norlKiiiUI.  rin- 

gl*  HtUlg,  *«7<ile- 

...do 

^jUnier,  vtmeml.  slngk- 

■otlsf ,  4«7d)«. 
3-c;lli>dK,  nrtlMl,  ««7o)a. 


Bait  drln  to  shift. 
B«lt  drln  ts  geo- 


Btltdrlntoibiklt. 
Belt  drive  to  gen- 


Mttiu,  Myola. 
l-oyUndtt,  noriioata],  * 
rln  nlnrii' fitini 


tonneimton. 


One    bidt    diin 


Obst  drive  to 
Dbect  (wnnected 
Belt  drive  ID  gen- 


ChooidMe  ETladins  uid 
loeniichije. 

Wii»dtmwlDg  macliiiMa. 


Town  pamnlUE 
UghUagMsami: 
Pumping  slaUiRi. 


BIiMt  and  honm  U^t- 

Isg. 
F<KnK[>7  ud  eboiia. 
Operating  P  r  I  n 

Kehiock" 


llghuog 


Hecfaiiw  Blup. 


Heed  only  for  tentng  gia 
Grinding  and  pMUbJng. 
Ibcbliw  ibop  and  ilgfal. 
Light  and  power  lor  hc- 
Crlatmlll  and  etovatara. 

Ondn-«tovalar  machin- 
Llght    (Ud    power    tor 

Bhopn  and  beta;. 
Factor;  puipuau. 

Eleotrlo  powor  for  lao- 

twT  ana  Ughttnc. 
UAt   and   mull   ma- 


LMt   and 
Factory  pnrpneee, 


Factor;  purposa. 
Oilndlng     and     gtmial 


IG  bontfowa  for  pumping;  ai 
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o 
Z 

*^ 
c 


47 


Engtoes. 


Type. 


ifi 


S12 


51 
52 

53 
54 

55 

56 

57 


58 
50 
60 
61 
62 

63 
M 
65 

66 

67 

68 
60 


^«ylinder.  vertical,  single- 
acting,  4-cyole. 
do 


do. 


l-c7linder,horizontaI,flingl»- 
acting,  4-c7ele. 


3-cylinder.  vertical,  single- 

actlng,  4-cycle. 
do 


norixontal,  tandem,  double- 
acting,  4-cycle. 

l-cyUnaer,  horisocital,Bin|tl^ 
acting,  4-cycie. 


3-cyllnder,  vertioa],  aingle- 
acting,  4-cycle. 


.do 


One  2-cy  Under,  vertical,  ain- 

f:l»«ctlng;  two  horiiontal, 
-cylinder,  single-acting; 
five  (in  1005— three  bk 
1908)  norizontal,  1-cylin- 
der,  aingloacting,  4-oyele. 

2-cyUnder,  tandem,  doable- 
actinE,  4-cycle. 

3-cylinaer,  vertJcal,  aingle- 
acUnp,  4-cycle. 

2-cylinder,  tandem,  double- 
acting,  4-cycle. 

S-cylinder,  vertical,  single- 
aeting,  4Hsycle. 

Two  3-cylinaer,vertical,and 
one  2-cylinder,  horisootal, 
singlfracting,  4«ycle. 

1-cylinder,  horizontal,  dou- 
ble-acting, 2-cycle. 
do 


^-cylinder,  vertical,  single- 
acting,  4cyole. 
do 


Horisontal}  single-acting, 
twin  engines. 

2-cylinder,  tandem,  double- 
acting,  4-cycle. 

Vertical,  single-acting 


8o  . 


3 
4 

1 
2 

2 
(«) 

1 
2 

8 
1 


1 
3 
1 
2 
3 

1 
8 
3 

4 

2 

5 
5 


ii 


300 

400 

85 
176 

180 
(>) 

260 
250 

416 

270 
(/) 


600 
000 

470 
350 
710 

600 

1,600 

700 

640 
1,220 

1,760 

800 


ii 

II 

51 


100 
160 


130 

100 
60 

250 


160 


476 
460 
800 
275 


600 


400 


300 
800-1- 


Power 
transmission. 


Direct  connected 
to  generator. 

Two  direct  con- 
nected to  gener- 
atoia;  two  metal- 
link  belt  drive 
to  oompreppors. 

Beit  drive  to  shaft. 

One,  direct  con- 
nected to  graer- 
ator;  other,  belt 
drive  to  genen- 
tor. 

Direct  connected 
to  generator. 


.do. 


One,  direct  con- 
nected to  gener- 
ator; other,  belt 
drive  to  shaft. 

Direct  connected 
to  a.  0.  genenr 
ators.. 

Direct  connected 
to  generator. 

3beltedtogener»- 
tora;  3  belted  to 
compressors;  2 
belted  to  con- 
veyor shafting. 

Direct  connected 

to  generator. 
do 


.do. . . . . 

.do 


One,  belt  drive; 
two,  direct  con- 
nected to  gen- 
erator. 

Direct  connected 
to  line  shaft. 

Direct  connected 
togeneratois. 


.do. 
.do. 


.do. 
.do. 


9 


:i 


s 

o 


14 
24 

11 
10 


24 
11 

11 
10 

'24 
11 


12 

24 

lOJ 

24 

10 

24 


<24 

10 
16 

24 

14 


Use  of  power. 


Chargisig  station  garage. 

Refrigeration,  light,  and 
power.  (Duplicate 
plant.) 

Uj^tand  power  for  fso- 

tbry. 
Shops. 


Generating  current  for 
electrol3^si8. 

Light  and  power  in 
cleaning  and  dyelns 
plant.  Gas  also  used 
for  heating  ilatirons. 


Machine   shop,   cranes, 
and  light. 


Town  lifting,  both  for 
Btieets  and  dweUings. 

Machine  shop  and  foun- 
dry. 

Air  and  gas  compressing^ 
ash  and  coal  convey- 
ors, electric  lighting. 


Madilne  shop  and  lights 
SSiopeand  electrioctanes. 
Wire-mill  machfaiery. 
Machine  shop  and  lights. 
Shops. 

PapemiU  BSflhinery. 

Street-railway  service. 

General  manufacturing 

purposes. 
Machine  shop  and  light. 
Street-railway  service. 

Central  power  station. 

Shops. 


al  in  1006:  2  in  1008. 
»OOinl006:210inlOQR. 
e20  to  00  kilowatts. 
*  7  days  per  week. 
'8inl006;0inl00& 


/460inl006;  400 in  1009. 
9  Nlg^t,  100  horsepower;  day,  160  horaspower. 
h  One  21  houiB,  two  13  houre,  three  18  hours,  one  6 
liouis.  one  14  to  20  hours. 
<6i  days  per  week. 
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PLANT  1. 


Difficulties. — Plant  absolutely  worthless  for  intermittent  service  required  by  a  grists 
mill  run  on  the  basis  that  this  is. 

Remarks, — ^The  owner  of  the  mill  believes  that  he  was  induced  by  misrepresenta- 
tions to  buy  the  plant.  The  agent  claimed  that  it  would  be  just  the  plant  for  varying 
demands;  that  it  would  fill  the  bill  exactly. 

He  believes  thoroughly  in  this  type  of  power  for  continuous  service  or  for  10  hours 
daily,  but  finds  it  worthless  for  his  use.  He  fought  payment  a  long  time,  but  settled 
rather  than  have  a  lawsuit.  He  wants  to  get  rid  of  the  plant,  and  says  that  he  has 
written  the  company  many  times  trying  to  get  them  to  take  it  off  his  hands. 

He  believes  that  the  company  has  no  m^i  competent  to  install  and  operate  plants. 
He  said  that  the  company  might  have  installed  a  plant  in  the  neighboring  town  if 
they  could  have  started  his  without  difficulty,  but  it  took  them  so  long  to  get  his 
running  properly  that  the  other  people  would  have  nothing  to  do  with  it.  He  believes 
that  the  company  is  hurting  itself  seriously  by  its  methods. 

P1A1IT2. 

1906. 

DiffieuUiei, — Serious  clinkering;  producer  well  filled  with  clinkers  after  each  day*s 
run;  large  quantities  of  clinkem  taken  out  every  night;  operator  says  that  he  sometimes 
gets  coal  that  does  not  clinker  badly.  The  plant  fails  to  respond  to  the  variable-load 
demands,  so  the  operator  has  to  help  out  with  city  gas. 

Remarks. — ^The  operator  thinks  the  plant  uses  30  horsepower  when  running  full. 
This  load  comes  on  suddenly  at  times.  He  thinks  the  engine  can  do  the  work,  but 
does  not  get  gas.eoough  from  the  pradu(er.  Somebody  has  told  him  that  the  producer 
is  too  small  for  the  work  demanded  of  it. 

During  my  visit  the  operator  kept  jumping  constantly  from  the  air  compressor  to 
the  city  gas  valve,  admitting  more  or  less  gas  to  the  engine  as  the  occasion  required. 
He  also  had  to  vary  his  air  supply  continually  to  secure  proper  mixture.  He  practi- 
cally had  to  nurse  the  plant  along  at  all  times. 

I  noted  that  he  knew  nothing  of  the  theory  of  the  working  of  the  plant,  and  further 
that  he  knew  nothing  of  the  construction  or  arrangement.  The  air  inlet  valves  to  the 
producer  were  both  closed,  so  the  engine  could  draw  little  air  or  steam  through  the 
producer.  He  did  not  know  that  he  had  any  steam,  and  if  he  did  have  it  did  not  know 
where  it  went  or  where  it  was  supposed  to  go.  He  usually  had  to  shut  down  at  noon 
in  order  to  blow  his  fires  to  obtain  gas  for  the  afternoon  run.  This  blowing  process 
requirad*  about  aa>  hour. 

My  impreaaion  was  that  the  engine  was  actually  nuuuiKg  on  city  gas— was  doing  the 
work  required  and  incidentally  '^dragging"  the  producer  besides.  I  think  the  pro- 
ducer was  funuahing  very  little  if  any  carbon  monoxide.  The  engine  must  have 
been  pulling  some  air  through  the  producer,  probably  through  cracks  around  the 
doors  and  plugs,  but  it  was  not  getting  its  air  through  the  proper  channel.  I  believe 
little  or  no  steam  was  getting  into  the  fires.    The  producer  was  too  hot. 

The  indications  were  that  the  producer  was  well  filled  with  clinkers  at  the  time  of 
my  visit. 

The  previous  month's  city  gas  bill  tends  to  verify  the  nbove  conclusions,  as  it 
amounted  to  $60,  accordin^to  the  operator.  He  claimed  that  there  had  been  months 
when  the  city's  gas  bill  was  only  about  $3. 

The  plant  was  installed  either  in  December,  1905,  or  in  January,  1906.  The  present 
man  has  been  operating  it  seven  months.  He  claims  that  the  plant  was  put  in  with 
the  understanding  that  it  would  cost  only  11.50  to  operate  it,  as  the  man  who  attended 
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it  could  work  on  other  thin^.  He  dainiB  that  at  the  present  time  it  is  costing  per 
day  11.50  for  coal,  $2  for  gas,  and  $2.50  for  service.  I  believe  that  the  prices  for  coal 
and  service  are  somewhat  overstated  in  this  estimate.  The  engine  had  been  ntnnmg 
for  three  yean  and,  he  said,  ''without  even  having  a  screw-driver  put  to  it."  It 
seemed  to  be  working  fairly  well,  although  with  the  erratic  conditions  that  prevailed 
it  was  somewhat  difficult  to  determine  this  point.  The  producer  is  chaiged  with  fuel 
three  times  every  day — ^morning,  noon,  and  night.  The  foreman  of  this  pfamt  seemed 
well  satisfied  with  the  uniformity  in  the  running  of  the  plant  as  far  as  he  had  noticed. 
The  owner  of  the  plant  was  not  there. 

PLJMT  3. 
IMM. 

IHffieuUies.— The  operator  said  there  were  no  difficulties.  The  phmt  ran  very 
steadily  during  my  visit.  I  understood  there  was  some  difficulty  when  the  pbmt  was 
first  started,  two  yean  before,  but  the  present  operator,  who  had  been  with  the  plant 
about  a  year,  claimed  to  have  experienced  no  difficulty  whatever. 

Benuxrks. — ^The  operator  reported  that  he  found  considerable  differences  in  the 
various  loads  of  coal  delivered  to  the  plant,  one  load  causing  no  trouble  from  clinken 
and  the  next  load  giving  considerable  trouble.  He  regarded  the  producer  as  too 
small  for  the  engine  and  the  load  carried.  He  felt  that  the  producer  should  be  hnge 
enough  to  require  charging  only  every  two  houra  without  letting  the  bed  get  low.  He 
asserted  that  there  had  been  no  shutdowns  of  the  shop  on  account  of  the  producer 
plant  during  his  year  of  service.  One  of  the  office  force  whom  I  interviewed  seemed 
perfectly  satisfied  with  the  operation  of  the  plant. 

PLANT  4. 

1906. 

Difficidties. — ^There  was  no  difficulty  at  the  time  of  visit,  although  there  had  been 
some  from  clinkera  when  the  plant  was  firet  installed. 

Remarks.— The  plant  has  been  running  10  months.  The  owner  wanted  a  producer 
plant  installed  without  any  cost  to  himself  until  it  had  been  run  30  days.  He  said 
that  most  of  the  companies  wanted  one-third  on  contract,  one-third  on  shipping,  and 
one-third  when  installed,  without  even  proving  the  possibility  of  running  success- 
fully. He  says  that  he  finally  found  a  company  that  would  be  glad  to  install  the 
plant  without  a  cent  until  after  30  days  of  successful  running.  He  took  up  the  offer 
at  once,  and  the  plant  proved  entirely  satisfactory  for  30  days. 

About  10  days  after  the  contract  period — that  is,  40  days  from  the  time  of  instal- 
lation— ^he  had  considerable  trouble.  He  found  that  the  operator  sent  by  the  producer 
company  knew  no  better  what  the  trouble  was  than  his  own  man.  Finally  he  found 
that  the  trouble  was  caused  by  a  bridge  of  clinkera.  After  that  experience  the  plant 
ran  very  satisfactorily.  The  owner  is  enthusiastic  about  the  plant  and  would  not 
do  without  it.  He  said  that  the  plant  cost  him  35  cents  per  day  of  10  houn,  as  against 
$2.80  per  day  with  city  gas. 

PLANT  5. 

1S06. 

Difficulties. — ^Trouble  is  said  to  be  with  the  engine  and  generator  rather  than  with 
the  producer.  The  engine  is  undoubtedly  too  light  for  the  load  carried,  and  its 
construction  is  not  suitable  for  producer-gas  work,  which  accounts  for  the  change  of 
engines  that  was  being  made  at  the  time  of  my  visit.  City  gas  is  used  in  starting 
the  engine  and  in  case  of  emergency  to  help  out  the  producer.  With  the  new  engine 
it  is  thought  that  the  use  of  city  gas  will  not  be  necessary. 
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Remarks. — If  the  present  installatioii  turns  out  as  expected,  the  majuiger  said  he 
would  increase  the  capacity  as  rapidly  as  possible.  He  wants  to  use  bituminous  coal 
if  possible,  and  would  like  a  producer  for  this  purpose.  The  fuel  used  for  this  plant 
at  the  time  of  my  visit  consisted  of  one  part  Pennsylvania  buckwheat  anthracite  and 
two  parts  semianthracite  from  Bemice,  Pa. 

The  engineer  said  that  he  could  r^g;ulate  the  height  of  the  clinker  bed  at  will  with 
this  combination  of  fuels.  Another  semianthracite  coal  which  has  been  used  to  some 
extent  is  known  as  Spadra,  Ark.  When  I  visited  the  plant  in  the  evening,  a  limited 
amount  of  city  gas  was  being  used  to  keep  the  engine  up  to  fidl  steady  load. 

PLANT  6. 

1906. 

Difficultiei, — ^No  difficulties  if  the  plant  is  properly  handled  and  supplied  with 
proper  coal. 

Remarks. — ^The  owner  claims  that  the  success  of  the  plant  depends  entirely  upon 
the  method  of  handling  the  coal  used.  He  says  the  producer  company  knows  noth- 
fng  about  running  this  plant.  His  own  company  had  to  study  the  plant  and  had  to  run 
it.  They  got  no  help  from  the  producer  company.  He  further  states  that  other  plants 
of  the  same  make  have  failed  simply  because  of  lack  of  ability  and  intelligence  on  the 
part  of  both  the  people  using  the  plant  and  tixe  producer  people.  He  thinks  he  could 
make  a  great  thing  out  of  the  producer  business.  He  is  exceedingly  enthusiastic 
over  his  producer  installation,  but  he  does  not  feel  that  any  of  the  credit  is  due  the 
producer  people.  The  credit  belongs  to  himself  and  his  company,  who  run  the  busi- 
ness and  are  interested  in  having  things  right. 

The  owner  wants  a  specified  anthracite  No.  1  pea;  can  run  on  other  coals,  but  has 
trouble  with  cliakers,  and  more  work  is  required  in  operating. 

The  installation  impressed  me  as  excellent.    The  room  was  dean  and  well  cared  for. 

I  was  told  that  the  total  water  cost  for  this  plant  was  equal  to  the  coal  cost. 

1908. 

The  owner  of  this  plant  says  his  plant  does  fairly  well,  but  that  it  is  not  all  that  it 
should  be.  He  feels  that  he  would  have  been  better  of!  had  he  waited  until  the 
present  time  before  installing  the  plant.  By  so  doing  he  would  have  had  the  advan- 
tage of  the  many  improvements  made  during  the  past  three  years.  With  his  plant 
there  ia  too  much  that  gets  out  of  fix;  first  it  is  one  thing,  then  another.  Neverthe- 
less he  keeps  the  plant  running  and  is  satisfied  that  it  furnishes  cheaper  power  than 
any  other  he  can  get.  He  says  that  if  he  had  not  had  a  skillful  operator  the  plant 
would  have  been  down  and  out  long  ago.  During  the  inspection  the  engine  was  run- 
ning very  steadily  but  with  comparatively  light  load. 

PLANT  7. 

1906. 

Difficulties. — ^Have  to  look  out  for  tar  in  the  valve  stem.  No  trouble  with  producer 
at  all;  had  a  little  trouble  with  the  engine  just  at  first. 

Remarks. — ^The  owner  stated  that  10  horsepower  on  gasoline  cost  $1.20  per  day  of 
10  hours.  He  claimed  that  this  plant,  using  only  40  to  50  horsepower,  saves  him 
11,500  per  year  over  any  other  type.  He  figures  that  it  costs  him  a  bit  over  $1  per 
day  of  10  hours  for  50  horsepower.    He  says  his  average  cost  is  80  to  90  cents  per  day. 

The  plant  was  put  in  in  June,  1905.  The  owner  says  he  would  not  take  110,000 
for  it  if  he  could  not  get  another  like  it.  He  thinks  little  of  the  ability  of  the  man 
sent  out  by  the  producer  company  to  install  the  plant.  There  were  two  or  three 
men  in  the  plant  at  the  time  of  my  visit  who  could  operate  it  with  perfect  ease. 
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It  WB8  numiiig  very  nkely  during  my  viait  and  was  not  tampered  with  in  any  way. 
A  14-hoi8epower  planer  was  suddenly  thrown  on.  The  engine  slowed  down  a  bit  but- 
picked  the  load  up  well.  The  engine  is  started  by  compressed  air.  City  gas  is  con- 
nected for  use  in  time  of  emergency,  although  they  claim  that  it  has  not  been  turned 
on  for  months. 

I  was  told  that  the  installation  of  this  plant  has  brought  the  insurance  well  down. 

1906. 

Tbe  owner  of  this  plant  is  a  thorough  believer  in  producer-gas  power.  They  have 
had  considerable  trouble  and  many  annoyances  from  the  plant  instaUed,  but  the  oper- 
ating expenses  are  far  below  those  for  any  other  type  of  power.  A  year's  cost  record 
flhowB  that  during  this  time  the  profits  from  the  sale  of  bale  shavings  were  sufficient 
to  pay  for  the  coal,  oil,  waste,  and  all  repain  on  the  gas  engine.  Had  the  steam  plant 
been  in  use  it  would  have  consumed  all  the  shavings  made  in  the  plant  and  in  addi- 
tion he  believes  as  much  coal  as  is  used  at  present  would  also  have'  been  required. 
Further  than  this,  a  steam  plant  would  require  the  services  of  a  licensed  engineer 
and  a  fireman. 

Some  difficulty  has  been  experienced  with  the  engine  owing  to  the  fact  that  it  is 
not  up  to  the  specified  rating.  The  conditions  under  which  it  operates  are  trying. 
It  is  belted  to  a  15(X-foot  line  shaft  and  various  wood-working  machines  are  thrown 
an  and  o£f  at  frequent  intervals.  The  gas  which  the  engine  is  getting  is  probably 
not  very  good,  and  further  than  this  the  engine  is  seriously  overloaded.  During  this 
inspection  it  back-fired  frequently,  and  whenever  laige  machines  were  thrown  on  the 
speed  was  seriously  reduced.  The  owner,  however,  is  sufficiently  satisfied  to  con- 
template the  installation  of  a  laiger  plant. 

PLANT  a. 

1906. 

DiffiaMn, — **  All  kinds;"  plant  not  running.  Rims  at  times,  not  at  others.  Clink- 
ers badly,  and  the  operator  finds  it  impossible  to  get  the  blast  of  steam  through  the 
bed.  The  operator  seems  to  think  that  with  a  clean  producer  (he  was  just  cleaning 
oat)  and  with  new  coal  they  could  probably  handle  the  plant  without  further  trouble. 
Up  to  the  present  time  (the  plant  has  been  installed  eight  months)  it  has  done  little. 

The  engine  igniters  have  to  be  filed  evefy  day.  They  seem  to  be  very  soft,  and 
look  pounded  as  though  the  spring  is  too  strong. 

Six  inlet  valves  have  been  broken  during  the  eight  months. 

The  engines  are  of  the  gasoline  tyi>e,  converted. 

Bemarhs. — The  operator  says  that  he  can  start  the  plant  in  20  or  30  minutes  at  times, 
but  not  at  all  at  other  times. 

The  operator  seems  to  believe  producer  gas  to  be  the  coming  power,  but  admits  that 
he  does  not  know  how  to  handle  it  at  present.  He  seems  to  think  that  the  producer 
company  does  not  know  much  more  about  it,  as  the  man  sent  to  erect  the  plant  had 
difficulty  in  operating  it.  He  says  they  did  not  seem  to  have  competent  men  to  put 
up  and  start  the  plant. 

My  own  impression  in  this  case  and  in  that  of  plant  1  led  me  to  believe  that  the 
manufacturers  were  not  giving  proper  attention  to  their  plants.  As  soon  as  they 
obtain  the  money  they  seem  to  let  things  run  along  without  any  further  attention. 

PLANT  9. 

19M. 

The  proprietor  seems  perfectly  satisfied  with  the  plant  and  says  that  he  would  not 
exchange  it  for  any  other  type  of  plant  that  he  knows.  This  producer  has  been  in 
operation  one  and  one-half  years,  and  in  that  time  the  fire  has  been  out  three  times 
only.    They  find  the  plant  eu^  to  start  every  morning  and  also  find  that  it  requires 
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little  attentlim.  Tbey  have  at  tfauM  h*4  fiome  trouble  wSlih  the  igniter  oircmt,  but 
the  owner  conaiden  this  his  own  fault.  Tliey  eKperience  no  trouble  willi  blowholes 
and  have  never  had  any  trouble  with  dhiker;  the  ash,  whidi  is  t^pptaeady  free  from 
carbon,  looks  about  as  fine  as  wood  ash. 

PLAVTli. 


Hie  gentleman  interviewed  was  very  strong  in  kis  demnicution  of  tliifl  plant. 
He  stated  that  it  had  never  run  orer  a  mcmth  at  a  tame  and  HMt  they  had  not  been 
able  to  run  it  aU  for  the  last  sue  months.  He  seemed  to  know  no  specific  trouble 
save  that  th^  had  broken  three  crank  shafts  on  tiie  engine,  but  his  feeling  Is  that  Hie 
whole  plant  is  no  good.  He  stated  tint  otiiien  of  the  company  who  were  not  present 
could  give  a  long  list  of  trouMes.  He  also  stated  that  tiie  producer  people  have  them- 
selves started  the  plant  several  dmee,  but  after  running  a  few  days  it  would  cease 
operations  entirely. 

Inquiry  from  outside  parties  who  own  similar  plants  with  which  they  are  well 
pleased  gave  the  impression  that  the  whole  trouble  is  lack  of  intdligent  operation 
and  caro. 

PLAKTll. 

1906. 

DiffieuUies. — ^There  wero  diflicultiee  only  when  the  plant  was  first  installed,  due 
entirely  to  lack  of  knowledge  on  the  part  of  the  owner  and  operator. 

Remarks. — One  of  the  proprietors  stated  that  he  would  not  ask  for  a  more  reliable 
or  more  economical  plant.  Before  this  installation  the  factory  was  run  by  means  of 
gas  engines  using  city  gas.  The  gas  bill  averaged  $800  per  year.  With  the  jwesent 
installation  the  fuel  cost  for  the  first  year  has  been  approximately  1200. 

Hie  engine  is  provided  with  two  igniten.  During  the  operation  of  the  plant  this 
precaution  in  providing  an  extra  igniter  has  prevented  shutdowns  on  three  dilEeieiit 
occasions. 

The  ash  contains  oonridefable  unbumed  fuel.  The  grate  is  cleaned  every  morning. 
It  is  stated  that  it  is  during  this  cleaning  that  the  coal  is  taken  out  with  the  ash. 
When  they  have  time  this  coal  is  sifted  dut  of  the  ashes,  but  during  much  of  the  time 
no  attempt  is  made  to  save  this  fuel. 

PLANT  12. 

1908. 

l)iffieuUie8.--The  chief  engineer  stated  that  although  they  had  numerous  minor 
difficulties  at  the  start  they  got  along  very  well  and  at  the  present  time  are  getting 
very  satisfactory  service. 

Remarks, — ^The  plant  has  been  in  operation  one  and  one-half  years.  The  business 
manager  of  the  firm  says  he  is  thoroughly  satisfied  with  the  installation,  but  stated 
that  he  did  come  into  contact  with  the  details  of  operation.  The  points  which  come 
to  his  attention  are  the  cost  of  fuel  and  repairs  and  the  failures  of  the  plant  to  run. 
In  these  particulars  he  says  the  plant  is  all  right. 

Apparently  about  20  per  cent  of  the  fuel  charged  into  the  producer  appears  in  the 
ash,  but  as  the  plant  is  using  only  approximately  700  pounds  of  coal  per  day,  they 
find  it  hardly  worth  while  to  attempt  to  save  the  good  fuel  that  passes  out  with  the 
ash.  The  fire  is  thoroughly  cleaned  each  morning.  It  is  during  this  cleaning  process 
that  most  of  the  coal  passes  through  the  producer.  The  fire  has  not  been  drawn  for 
three  months.  On  the  average  three-quarters  of  an  hour  is  required  each  morning 
to  put  the  producer  in  working  condition  and  get  the  engine  under  way. 
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PLAFT  13. 

1908. 

This  plant  was  not  in  operation  at  the  time  of  inspection.  The  cause  for  the  shut- 
down was  given  as  a  broken  belt.  A  steam  pump  was  doing  the  woric  at  this  time. 
New  settling  basins  have  just  been  installed  which  are  much  higher  than  the  old. 
This  increased  head  is  said  to  be  too  much  for  the  gas-engine  plant,  so  that  the  gas 
engine  has  been  unable  to  handle  all  the  work  and  it  has  been  necessary  to  help  out 
with  steam  pumps.  There  has  been  some  talk  of  installing  a  laiger  producer-gas 
plant  in  order  to  handle  the  entire  oul^ut. 

Ashes  are  removed  from  the  producer  about  every  two  hours,  and  owing  to  the 
demands  on  the  plant  the  engine  slows  down  considerably  at  such  times,  but  picks 
up  immediately.  By  this  method  of  operating  continuous  service  can  be  maintained, 
although  the  power  developed  by  the  plant  varies  considerably,  owing  to  the  periods 
when  the  speed  of  the  engine  falls  off.  The  engine  is  usually  run  continuously  for 
six  days,  but  at  times  it  is  kept  in  service  for  two  weeks.  The  kind  of  service  that 
provea  satisfactory  for  a  pumping  station  might  be  quite  unsatisfactory  in  other  types 
<tf  installations. 

PLANT  14. 

1908. 

This  plant  is  operated  by  an  enthusiastic  young  man  who  apparently  understands 
the  principles  of  his  plant  thoroughly  and  is  getting  excellent  results.  He  says  there 
is  nothing  like  a  gas-producer  plant  for  him.  When  he  first  began  operating  he  had 
some  clinkers,  but  by  varjring  the  quantity  of  water  admitted  to  the  vaporizer  he 
finally  found  a  point  where  no  clinker  seemed  to  be  formed.  Since  this  time  he  has 
been  able  to  keep  his  plant  practically  free  from  clinken.  He  experiences  no  diffi- 
culty when  removing  the  ash  from  the  producer  with  a  normal  load  on  the  engine. 

PLANT  15. 

1908. 

This  plant  has  been  in  operation  about  one  year  and  has  given  little  trouble.  It 
was  not  in  operation  at  the  time  of  this  inspection,  as  the  engine  has  just  been  sent  to 
the  factory  to  have  the  cylinder  rebored.  The  representative  of  the  company  inter- 
viewed thinks  that  the  engine  has  been  allowed  to  run  for  some  time  with  little  or  no 
jacket  water,  owing  to  carelessness  of  the  operator.  He  stated  that  he  considers  the 
outfit  all  right,  and  that  he  would  not  hesitate  to  put  in  a  producer  plant  for  any 
power  requirement. 

PLANT  16. 

1908. 

This  plant  has  been  in  operation  for  five  yean.  Both  memben  of  the  firm  say  they 
covld  have  nothing  better  or  more  reliable.  During  the  first  year  they  had  consider- 
able trouble  and  the  manu^tnrer  did  not  seem  able  to  help  them  out  to  any  extent. 
The  producer  company  threw  the  blame  on  the  engine  company  and  the  engine  com- 
pany blamed  the  producer  company.  Finally  the  owners  agreed  to  disregard  the 
suggestions  and  advice  of  the  manufocturers  entirely,  and  started  in  to  work  out  for 
themselves  proper  methods  of  operating.  After  numerous  experiences  they  deter- 
mined on  methods  that  have  been  giving  satisfactory  results.  They  feel  that  they 
are  still  gaining  information  and  are  developing  more  confidence  in  the  reliability 
of  such  installations.  In  building  a  new  fire  they  find  it  quite  simple  to  have  the 
load  on  the  engine  within  40  minutes  after  lighting  the  match.  The  firm  has  re- 
cently enlarged  its  shop  and  expects  to  put  in  a  laiger  power  plant.  They  say  that 
they  will  not  for  an  instant  consider  any  other  than  producer-gas  power. 
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'PLAST  17. 

1908. 

One  of  the  membetB  of  the  company  stated  that  they  aze  leanuDg  the  methoda  of 
handling  this  plant  so  that  they  now  like  it  very  well.  For  the  first  year  or  so  it  gave 
a  great  deal  of  trouble,  but  this  they  attribute  to  their  lack  of  operating  knowledge. 
The  plant  has  been  in  three  years  and  for  the  past  year  and  a  half  has  been  run  by  an 
ordinary  laborer.  During  the  firat  year  there  was  considerable  trouble  in  clinker, 
but  of  late  there  has  been  no  such  difficulty. 

PLANT  18. 

1906. 

Difficulties. — ^The  engineer  said  there  were  no  difficulties  at  present,  but  stated  that 
as  this  was  an  early  type  of  producer  he  found  it  necessary  to  make  several  minor 
changes  in  the  steam-supply  pipe,  etc.,  to  secure  good  operation. 

Remarks, — ^Minor  fluctuations  in  the  speed  of  the  engine  were  noted.  The  engineer 
claimed  that  this  occurred  only  when  the  engine  was  under  heavy  load.  My  impres- 
sion at  the  time  was  that  these  fluctuations  were  due  to  variations  in  the  quality  of 
the  gas.    They  were  not,  however,  serious  or  frequent. 

Electric  lights  were  thrown  on  and  o£f  without  apparent  fluctuations  of  the  engine. 
The  light  was  fair  in  quality  and  steadiness. 

PLANT  19. 

1906. 

No  difficulties  are  had  with  this  plant.  It  had  been  running  since  February,  1906, 
and  had  never  been  shut  down  on  account  of  any  failure  in  the  operation  of  the  plant. 
They  had  been  troubled  with  clinkers  only  once.  The  owner  advises  the  thorough 
cleaning  out  of  the  generator  every  three  months.  He  said  that  without  counting 
the  cost  of  water  in  either  case  steam  power  costs  him  $100  per  month,  while  the  cost 
of  operating  the  present  plant  is  less  than  $25  per  month.  He  had  not  paid  a  cent  for 
repairs. 

The  large  producer  plant  was  bougfht  in  order  to  have  sufficient  power  for  a  second 
engine,  if  desired  later. 

The  owner  stated  that  he  had  operated  many  steam  plants  and  knows  steam  thor- 
oughly .  He  is  exceedingly  enthusiastic  regarding  the  operation  of  his  producer  plant. 
He  said  that  every  manufacturing  establishment  in  the  vicinity  has  watched  the  pro- 
ducer installation  very  closely,  believing  it  to  be  a  foolish  venture,  but  now  othera 
are  thinking  of  making  similar  installations.  The  men  in  the  shop  are  constantly 
being  asked  by  outsiders  if  they  haven't  had  to  shut  down  yet. 

There  was  no  apparent  noise  of  the  exhaust  in  approaching  the  plant.  An  exhaust 
pit  is  used.  There  was  no  more  noise  than  with  the  ordinary  steam  plant  of  the 
same  size  and  nothing  visible,  such  a#  smoke,  steam,  or  chimneys.  Upon  approach- 
ing the  plant  I  was  very  much  in  doubt  whether  the  producer  was  nmning.  The 
installation  is  very  neat.    The  plant  was  not  touched  during  my  visit  and  was  nin- 

ning  well. 

PLANT  20. 

1906. 

The  plant  had  been  operating  one  year  without  any  difficulties.  The  engineer 
stated  that  during  the  year  they  have  been  shut  down  only  three  hours,  the  one  time 
being  due  to  a  water  leak  in  the  engine  cylinder  head. 

The  engineer  has  entire  charge  of  all  machinery,  etc.,  including  the  sewing  ma- 
chines. He  employs  a  boy,  who  attends  to  the  packing  and  shipping  of  the  goods, 
to  feed  the  fuel  into  the  producer  and  poke  the  fire  occasionally.  They  intend  to 
enlarge  the  plant  to  150  horsepower. 
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PLANT  21. 
1906. 

The  plant  was  not  running  when  viaited .  It  is  a  new  plant,  erected  in  the  spring  of 
1906,  and  presented  an  excellent  appearance.  The  engineer  stated  that  the  company 
that  installed  the  plant  never  instructed  any  man  definitely  about  running  it.  He 
finds  himself  able  to  run  it  at  times,  but  not  at  others.  He  never  knows  whether  he 
is  to  get  gas  of  good  quality  or  not.  After  it  is  once-fltarted  he  says  it  runs  well,  but, 
as  he  puts  it,  the  fact  is  that  he  knows  nothing  about  running  it  and  has  never  been 
shown.    He  seemed  to  be  an  able,  intelligent  man  and  desired  instructions. 

Tbe  man  who  erected  the  plant  is  reported  to  have  gone  around  the  comer  of  the 
building  every  time  he  consulted  his  blueprints  for  fear  the  engineer  and  others  would 
aee  them  and  gain  some  knowledge  of  the  construction  of  the  plant.  At  other  times 
the  blueprints  were  kept  locked  up.  I  was  informed  that  an  operator  of  a  similar 
plant  in  another  part  of  the  country  was  sent  to  this  plant  later  and  operated  it  with 
no  difficulty. 

Compreflsed  air  was  used  for  starting  the  producer-gas  engine.  This  air  was  pumped 
by  a  gasoline  engine,  which  at  that  time  was  pumping  water,  but  in  regular  operation 
the  air  is  compressed  during  the  run  and  kept  in  reserve. 

The  blast  for  starting  the  producer  was  furnished  by  a  small  blower,  driven  by  a 
small  gasoline  engine  installed  for  the  purpose. 

PLANT  22. 

1906. 

The  operator  says  there  are  no  difiiculties.  He  likes  the  plant  and  is  anxious  to 
get  all  the  information  possible  in  order  to  equip  himself  for  the  proper  handling  of 
such  plants.    I  was  much  pleased  with  his  appearance,  ability,  and  enthusiasm. 

The  fuel  used,  anthracite  No.  I  pea,  looked  dull  and  poor,  but  seemed  to  work  well. 
There  was  also  a  pile  of  bright  anthracite.  The  operator  said  that  the  mixture  of  these 
two  coals  caused  serious  clinkering.  He  also  asserted  that  the  reuse  of  partly  burned 
coal  from  the  generator  produces  clinkers. 

PLANT  23. 

1906. 

The  engine  was  reported  as  worthless.  The  plant  was  installed  in  January,  1906, 
and  ran  about  half  of  the  time  for  four  months;  then  the  engine  broke  down  and  has 
not  run  since.  At  the  time  of  my  visit  the  power  was  furnished  by  a  steam  engine. 
They  may  possibly  get  back  to  gas  if  they  can  find  a  good  gas  engine. 

Tbe  engine  was  not  designed  for  producer-gas  work.  In  fact,  its  only  merit,  in  my 
opinion,  was  its  low  cost.  The  use  of  such  engines  is  a  serious  setback  to  the  success 
of  producer  installations. 

PLANT  24. 

1906. 

In  leoent  installations  for  a  guaranteed  service  of  24  hours  per  day  this  producer 
company  is  putting  in  two  gas  generators,  as  they  find  it  necessary  to  draw  the  fires 
from  one  generator  each  Sunday;  that  h,  once  a  week. 

PLANT  25. 
1906. 

The  plant  had  not  been  in  operation  for  several  weeks.  Several  men  from  the 
producer  company  had  just  overhauled  the  plant.  It  had  been  in  only  a  short  time, 
but  the  producer  was  being  relined.  New  bearings  were  being  put  in  for  the  engine 
oaak  shaft,  etc.    One  of  the  men  remarked  that  the  plant  was  in  terrible  db^pe  and 


44  PBOmJCER-GAS  POWEB  PLANT. 

laid  the  blame  on  the  man  who  had  had  charge  of  it.  Inquiry  r^iarding  the  operation 
of  the  plant  indicated  that  he  was  incompetent,  having  left  the  plant  to  a  helper  who 
knew  little  or  nothing  of  its  requirements. 

PLANT  26. 


Difficulties. — Considerable  trouble  is  experienced  in  this  plant  from  clinkeiing  of 
the  fuel.  This  has  caused  several  shutdowns,  although  at  times  they  are  able  to  run 
for  several  weeks  without  any  inconvenience. 

Remarks. — ^This  plant  had  stmt  itself  down  just  before  inspection.  Upon  examina- 
tion the  producer  was  found  to  be  badly  filled  with  clinker.  Apparently  the  cleaning 
had  not  been  properly  done  for  several  days.  The  works  are  entirely  dependent 
upon  the  producer  plant  for  power  and  any  interruption  in  the  service  means  consid- 
erable expense.  At  one  time  the  plant  was  out  of  conmussion  for  three  days.  At 
another  time  the  engine  stopped  during  a  heat  in  a  cupola,  cutting  off  the  blast. 
The  entire  charge  was  dropped  and  the  day  lost.  The  superintendent  says  their 
experience  leads  them  to  feel  very  uncertain  regarding  their  power.  Appazently  the 
greatest  trouble  at  this  plant  is  a  lack  of  operating  knowledge. 

PLANT  27. 

liNM. 

The  producer  operator  whom  I  saw  likes  the  producer,  as  he  can  sleep  and  let  it  run 
itself  and  can  go  out  of  doors  when  he  pleases.  He  had  just  smashed  two  holes  in  the 
engine  cylinder  head,  so  that  the  plant  was  diut  down  for  repairs.  He  said  it  would 
run  from  one  hundred  and  twenty  to  one  hundred  and  twenty-five  hours  without 
shutting  down,  and  then  required  about  six  hours  for  cleaning,  etc. 

The  producer  had  been  installed  about  two  years;  the  present  engine  about  four 
months.  The  plant  was  provided  with  a  patented  process,  which  had  been  in  oper- 
ation only  four  weeks.  The  producer  operator  liked  this  new  process  because  he 
could  sleep  for  six  hours  without  charging  the  producer,  whereas  with  the  ordinar}* 
method  he  had  to  charge  every  two  hours. 

PLANT  28. 

1906. 

Difficulties. — All  kinds  of  difficulty  were  experienced  at  first;  changes  have  been 
made  ever  since  the  plant  was  installed;  a  new  2  or  2}  inch  top  plate  was  put  on  in 
place  of  the  J-inch  plate  used  by  the  manufacturers.  The  superintendent  said  the 
vaporizer  never  made  steam,  so  he  introduced  a  steam  pipe  from  the  boilers  to  help  out. 

The  plant  was  shut  down  at  the  time  of  my  visit  on  account  of  clinkers.  The  oper- 
ators must  have  taken  out  2  bushels  of  clinkers  in  laige  masses.  The  superintendent 
said  that  they  had  had  no  such  trouble  in  three  months,  as  his  former  opemtor  handled 
the  plant  well,  but  they  had  to  dismiss  him.  It  seemed  that  during  the  last  days  of 
the  service  of  the  former  operator  the  plant  was  not  properiy  cleaned  and  the  clinkers 
began  to  accumulate. 

Remarks. — ^The  superintendent  said  that  the  gas-producer  company  showed  no 
interest  in  the  plant  whatever;  he  would  not  have  the  plant  if  it  were  out,  but  as  long 
as  he  has  already  put  it  in,  he  is  making  the  best  of  it.  He  is  changing  it  in  every  way 
possible  and  claims  that  it  has  been  running  well  for  three  months.  The  former 
operator  was  paid  $1.66  per  day. 

The  euperintendent  beUeves  in  pzoducer^as  plants,  but  not  in  the  one  installed  by 
this  company.    I  was  unable  to  learn  of  any  other  installaticMi  of  this  make  of  producer. 
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PLAUT  29. 
1906. 

This  plant  had  been  running  about  nine  months.  The  plant  is  reported  to  work 
splendidly  since  special  chaiging  equipment  was  added,  although  before  this  addi- 
tion some  back  firing  and  preignition  were  experienced. 

According  to  the  superintendent  the  company  is  greatly  pleased  with  the  results 
of  the  plant  at  present.  Before  the  addition  of  the  special  equipment  the  compression 
carried  by  the  engine  was  120  pounds.    At  present  they  are  carrying  about  200  pounds. 

1M6« 

This  plant  was  not  installed  for  continuous  operation.  It  is  used  only  for  the 
purpose  of  testing  engines  manufactured  for  operation  on  producer  gas.  Its  service 
in  this  capacity  has  given  satisfaction. 

PLANT  30. 

1908. 

The  owner  of  this  plant  states  that  they  had  many  minor  difficulties  to  overcome 
at  the  start,  but  these  he  feels  were  due  to  ignoruice  on  his  part  more  than  anything 
else.  At  present  he  is  very  well  satisfied  with  tiie  service  and  regards  the  power  as 
the  cheapest  he  can  possibly  obtain. 

PLANT  31. 

1908. 

This  plant  has  been  in  three  years.  According  to  one  of  the  members  of  the  firm 
it  has  given  all  kinds  of  trouble.  He  found  it  impossible  to  get  an  experienced  man 
to  handle  it.  He  finally  taught  an  Italian  laborer  to  do  the  work,  and  for  nearly  two 
years  he  has  handled  the  plant.  They  are  getting  much  better  satisfaction  from  it 
now  than  ever  before,  but  they  feel  much  in  doubt  regarding  the  reliability  of  the 
engine.  Apparently  the  engine  has  not  been  kept  in  good  condition.  The  crank  shaft 
needed  lining  up  and  the  crank-pin  bearings  were  apx>arently  loose.  The  shutting- 
down  hour  came  during  the  inspection,  and  it  was  noticed  that  the  Italian  operator 
thought  more  about  getting  away  in  a  hurry  than  about  putting  his  plant  in  proper 
condition.  The  company  has  an  electric  wire  run  in  from  an  outside  source  which 
can  furnish  current  whenever  the  gas  fails. 

PLANT  32. 

1908. 

The  superintendent  is  very  well  satisfied  with  the  plant.  It  has  been  in  operation 
over  three  years,  and  during  that  time  it  has  not  been  shut  down  three  hours  because  of 
any  fault  of  the  engine  or  producer.  The  operator  is  an  exceptionally  good  man  and 
one  in  whom  the  superintendent  has  confidence. 

The  producer  is  cleaned  thoroughly  every  fViday  night  and  a  new  fire  is  built  up 
at  once,  so  that  it  is  in  readiness  Saturday  morning.  The  operator  says  that  the 
producer  would  run  much  longer  without  cleaning,  but  by  this  systematic  method 
of  handling  the  plant  he  keeps  his  producer  in  good  condition  at  all  times,  and  no 
clinker  can  accumulate  for  any  length  of  time  even  if  some  should  fonn. 

The  operator  considers  the  stand-by  losses  as  practically  nothing,  but  they  are 
probably  somewhat  greater  than  he  estimates.  The  opemtor  allows  himself  one-half 
hour  each  morning  for  putting  the  producer  into  condition  and  getting  the  engine 
under  way.  He  finds  that  it  takes  no  longer  to  start  the  plant  on  Monday  moming 
than  on  any  other  moming  during  the  week. 
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PUJvxag. 

1906. 

The  plant  seemed  to  ron  fedrly  well.  According  to  the  stetement  of  tbe  owner, 
there  waa  some  trouble  at  fint.  They  have  smne  trouble  with  the  magneto,  the 
spark  being  cut  out  at  times*  This  happened  while  I  was  present,  when  they  thut 
down  the  plant. 

They  have  some  trouble  with  poor  gas  occasionally.  Some  weeks  there  are  no  shut- 
downs, while  at  other  times  there  will  be  two  or  three  in  one  week.  These  are,  hcfw* 
ever,  of  short  duration. 

Occasionally  they  have  been  troubled  with  clinkenB. 

PLANT  40. 

1908. 

A  member  of  the  firm  reported  that  the  plant  had  been  in  operation  fifteen  months, 
during  which  time  it  had  never  failed.  He  said  that  it  used  very  little  coal,  and 
he  considers  it  the  cheapest  kind  of  power.  At  the  time  of  inspection  the  factory 
was  shut  down  for  two  weeks,  and  the  plant  was  consequently  not  running. 

The  operator  seemed  to  be  exceptionally  well  informed  regarding  producer  gas. 
The  plant,  like  many  others,  has  a  producer  of  laige  capacity  opemting  on  a  low- 
load  factor.  The  demands  in  this  case  amount  to  only  about  30  per  cent  of  the  capacity 
of  the  plant.  After  talking  with  the  operator  I  was  convinced  of  his  ability  to  handle 
the  plant  with  ease,  and  it  is  not  difficult  to  see  why  the  memb«8  of  the  firm  feel 
great  confidence  in  their  power  plant. 

PLANT  41. 

1906.  ' 

Difficulties. — There  were  troubles  at  first;  the  producer  was  too  small;  they  had 
to  get  a  larger  producer;  the  valve  cama  on  the  engine  were  wrong;  the  manufacturers 
would  not  show  them  anything. 

The  producer  company  claimed  that  all  the  troubles  wero  due  to  the  fiict  that  a 
steam  engineer  was  in  charge  of  the  plant.  The  owner  was  satisfied  that  this  was  not 
the  case,  so  he  got  a  laiger  producer,  raground  the  cams,  had  the  valvee  reset,  and 
now  has  the  plant  running  in  excellent  condition. 

Remarks. — ^This  plant  was  installed  in  January,  1906.  A  long  time  was  spent 
looking  into  the  matter.  Minneapolis,  Chicago,  Philadelphia,  etc.,  were  viated  in 
order  to  judge  of  varioua  planta.  The  engine  was  M^at  decided  the  choice.  The 
manager  doea  not  like  vertical  engines,  as  he^  wanta  an  engine  so  ccnstnicted  thai 
one's  hands  can  be  put  on  any  part  of  it. 

Some  difficulty  was  experienced  with  magnetos. 

They  have  had  some  trouble  caused  by  the  stripping  of  the  thread  of  the  engine- 
valve  stems.    This  happened  while  I  was  present. 

They  are  running  the  exhaust  into  the  fire  box  of  a  vertical  boiler  to  heat  water 
and  also  to  do  away  with  the  exhaust  noise. 

The  engine  was  belted  to  a  150-kilowatt  electric  genenitor. 

They  handle  the  clinkers  in  the  producer  rather  successfully  with  bent  pokers. 
They  have  had  to  put  extra  holes  in  the  producer  for  this  purpose. 

The  plant  is  very  neat  and  apparently  is  well  understood. 

PLANT  42. 

1908. 

The  president  of  this  company  stated  that  he  did  not  wish  to  be  too  enthusiastic 
about  producer-gas  power,  as  tha%  aro  many  minor  difficulties  to  be  overcome.  He 
feels  that  his  plant  is  fairly  satisfactory  and  thinks  he  can  make  it  absolutely  satis- 
&ctory  in  due  time.  He  said  that  were  he  to  build  another  factory  he  would  not 
hesitate  to  install  a  produoer-gaa  outfit  for  developing  necessary  powo:. 
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PLANT  43. 


This  plant  ia  lued  in  oannectton  with  pumping  statioos.  The  w»ter  is  pumped 
a  distance  of  about  12  mileB,  and  it  is  proixMed  to  extend  the  line  some  distance 
farther.  Ab  the  water  supply  is  imlimited,  no  effort  is  made  to  eoonomize  in  the  use 
of  water  about  the  plant. 

The  operator  stated  that  he  has  some  difficulty  in  procuring  a  satisfactory  lubricant 
for  the  engine  crank  case. 

The  operator  feels  that  care  is  necessary  in  getting  a  proper  kind  of  coal,  as  trouble 
has  been  experienced  with  certain  coak  on  account  of  excessive  dinkering.  Ordi- 
narily the  fire  is  drawn  and  the  producer  thoroughly  cleaned  once  a  week,  but  at 
present  this  is  being  done  twice  a  week.  The  operator  feels  that  it  is  very  important 
to  keep  the  producer  clean  and  free  from  clinker.  He  regards  it  as  no  hardship  to 
dump  the  fire  and  start  a  new  one.  He  says  that  he  can  get  the  producer  in  shape 
for  his  usual  load  in  one  hour  after  lighting  the  match.  He  believes  thoroughly  in 
gas  producers,  but  says  they  will  not  take  care  of  themselves,  as  some  manufacturers 
try  to  make  out. 

PLANT  44. 

1906. 

This  plant  has  been  in  operation  nearly  two  yean.  The  fire  has  been  out  but  twice. 
It  was  drawn  once  to  put  in  a  new  grate  and  at  another  time  to  examine  the  brick 
lining.  The  superintendent  seems  very  well  satisfied  with  the  installation  and  feels 
that  his  plant  is  doing  as  well  as  any.  He  seemed  careful  not  to  mention  anything 
against  the  system,  but  his  casual  remarks  would  lead  one  to  believe  that  he  thinks 
improvements  might  be  made. 

They  claimed  to  have  no  trouble  from  clinker.  The  ash  pile  was  comparatively 
free  and  clear,  the  few  clinkerB  in  the  pile  not  being  larger  than  the  fist.  There  was, 
however,  considerable  unbumed  coal.  This  was  said  to  be  due  to  the  cleaning  which 
the  producer  received  every  morning. 

PLANT  45. 

1906. 

DifficuUia. — There  is  a  good  deal  of  trouble  from  back  firing.  At  the  time  of  my 
visit  the  electric  generator  was  sparking  seriously  and  burned  out  before  I  left  the 
plant. 

Remaria. — On  the  whole,  the  company  seemed  to  be  fairly  well  pleased  with  the 
results.  The  method  of  handling  the  producer  was  wasteful  of  fuel,  as  about  one- 
third  of  the  coal  charged  to  the  producer  was  taken  out  unbumed  in  the  ash.  This 
mixture  of  ashes  and  coal  was  used  on  the  walks  about  the  plant. 

PLANT  46. 
1908. 

The  representative  of  the  company  consulted  stated  that  the  plant  had  been  in 
about  two  years,  and  that  althoi^  they  have  had  numerous  difficulties  these  are 
being  gradually  overcome  and  at  the  present  time  the  plant  is  giving  isAr  satisfaction. 
The  producer  has  never  given  any  real  trouble  except  that  due  to  clinker  formation, 
when  a  bad  coal  is  used.  The  engine  is  the  first  of  its  kind  and  naturally  gave  a 
good  deal  of  trouble.  The  engine  builders,  however,  made  numerous  changes  and 
it  is  now  working  much  more  satifactorily.  He  feels  that  in  spite  of  the  difficulties 
the  gas-engine  and  gas-producer  installation  is  the  most  economical  power  plant,  and 
that  in  time  all  troubles  will  be  overcome. 

68125**— Bull.  55—13 4 
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PLANT  47. 


This  plant  is  running  yay^flatifliMtorily  at  present.  The  «ngineff  in  change  ieels 
that  he  now  hae  the  plant  well  in  haad.  He  has  confidence  in  it  as  a  eouroe  of  power. 
In  the  early  days  of  the  plant  they  had  conwiderable  trouble,  but  he  feels  that  this 
is  due  to  a  lack  of  operating  knowledge  more  than  to  anything  else.  The  engineer  in 
charge  stated  that  he  was  a  steam  oigineer  and  that  he  prefeoed  steamy  but  that 
the  economy  possible  with  gas  makes  it  necessary  to  learn  to  uae  it. 

PLANT  48. 

1806. 

This  plant  has  been  in  operation  only  six  months  and  is  one  of  the  few  plants  with 
which  no  trouble  has  been  experienced  during  the  early  operating  period.  The 
engineer  in  charge  says  that  he  had  never  had  any  experience  with  producers  or  gas 
engines  until  about  a  year  ago.  Although  a  steam  engineer,  he  sees  a  great  future 
for  the  gas  plant  and  says  it  is  useless  to  be  prejudiced.  He  takes  much  pride  in 
this  gas  plant.  He  is  also  in  chaige  of  three  or  four  steam  plants  for  the  same  company. 
The  gas-plant  installation  is  in  duplicate  throughout.  Usually  but  one  producer 
and  two  engines  are  in  operation  at  any  given  time.  Each  engine  has  a  city  gas 
connection,  but  it  is  stated  that  this  is  seldom  used  and  was  put  in  simply  as  a  pre- 
cautionary measure.  Part  of  the  engines  are  run  at  a  constant  overload  of  20  per 
cent.  They  seem  to  carry  this  without  difficulty,  and  upon  one  occasion  one  of  the 
engines  carried  this  overload  continuously  for  168  hours.  Usually  the  change  of 
units  is  made  ttHbre  frequently.  At  the  time  of  this  inspection  the  engines  were 
running  very  smoothly  and  with  little  noise.  It  was  impossible  during  the  casual 
inspection  to  detect  any  variations  in  fi|>eed. 

1908. 

DifficuUies. — ^There  were  numerous  difficulties  when  the  plant  was  first  started, 
due  to  clinkers,  back  firing,  poor  ignition,  etc.,  but  at  the  present  time  there  is  prac- 
tically no  trouble. 

Remarhs. — ^The  manager  feels  that  the  plant  is  giving  very  good  satisfaction  consider* 
ing  the  fact  that  producer-gas  plants  are  so  new.  The  two  young  men  who  handle 
the  plant  have,  I  believe,  had  no  experience  before  taking  this  job,  but  they  seem 
to  be  getting  hold  of  the  method  of  operating  very  satis&ictorily. 

PXiANXM. 

1906. 

The  gas  producer  originally  installed  was  a  suction  plant,  but  it  has  been  cut  up, 
patched  up,  and  changed  over  in  many  details  until  it  is  now  running  as  a  pressure 
plant.  The  member  of  the  firm  consulted  is  much  disgusted  with  producers  and 
producer  manufacturers.  He  apparently  has  his  own  ideas  regarding  the  construction 
and  operation  of  producer  plants,  which  accounts  for  the  many  changes  which  have 
been  made  in  the  present  installation. 

PLANT  51. 

1908. 

This  plant  was  installed  a  little  less  than  a  year  ago.  It  is  giving  continuous  service 
(24  hours  per  day)  in  a  satisfactory  manner.  A  short  time  before  this  inspection 
carelessness  on  the  part  of  a  stoker  disturbed  some  of  the  ^re  brick  in  the  producer 
lining,  making  it  necessary  to  draw  the  fire  in  order  to  make  the  repairs.    Previous 
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to  this  mishap  the  plant  had  heen  (^orating  c^itinuoualy  over  four  months.  Each 
Wednesday  the  load  is  reduced  one-half,  and  during  that  time  one  engine  can  handle 
the  load.  In  this  way  each  engine  has  a  day  of  rest  once  in  two  weeks.  The  igniters 
are  changed  and  every  part  carefully  examined.  The  jsupeiinlendent  of  the  plant 
is  well  satisfied  with  the  operation. 

PLANT  52. 

1906. 

DiffieuUies. — ^There  are  no  difficulties  now;  those  they  did  have,  the  owner  stated, 
were  due  to  careless  operating  rather  than  to  inherent  faults  in  the  plant. 

Renuxrks. — This  plant  has  been  in  operation  two  and  one-half  years.  Besides  the 
gas  used  for  power  this  plant  also  furnishes  the  gas  for  heating  150  irons  in  the  iioning 
ind  pressing  room.  The  heat  is  found  to  be  steady  and  very  aatiafaclory.  They 
formerly  used  city  gas,  but  find  the  present  arrangement  far  more  economical.  They 
still  have  the  city  gas  connections  for  the  irons  in  the  same  pipe  system,  but  haive  no 
occasion  to  use  it. 

They  purify  the  circulating  water  and  use  it  in  another  portion  of  the  wock. 

I  was  told  that  cheaper  fuel  is  used  in  the  producer  than  under  the  eteam  boilen. 

At  present  they  are  laying  the  foundation  for  the  installation  of  another  engme  in 
addition  to  the  present  one. 

The  owner  stated  that  although  he  regards  the  initial  cost  of  such  a  plant  as  higher 
than  the  cost  of  a  corresponding  boiler  plant,  there  is,  in  his  opinion,  economy  in 
additions  to  the  plant;  that  is,  producers  can  be  added  without  adding  extra  scrub* 
bers,  holders,  etc.,  and  thus  have  a  reserve  plant  for  less  cost  than  a  reserve  boiler 
plant. 

No  odor  of  gas  was  perceptible  in  the  ironing  room.  This  gas  is  supplied  by  pump- 
ing; a  rotary  blower  is  used  for -the  purpose;  the  pressure  is  low.  The  gas  burned  with 
a  steady  blue  fktme. 

1908. 


Difficulties. — ^There  is  no  difficulty  whatever  when  the  coal  desued  can  be  obtained. 
When  any  coal  that  happens  to  be  delivered  must  be  taken,  difficulty  with  clinkers 
is  frequently  experienced. 

Remarks, — ^The  owner  is  very  well  aaUsfied  with  the  plant,  although  numerous 
difficulties  due  to  lack  of  knowledge  arose  during  the  early  period  of  q[>eralion,  and 
the  repair  expense  at  this  time  was  consideiable.  His  statement  regarding  fuel  cost 
is  to  the  effect  that  1,700  pounds  of  coal  used  in  the  pm  pioduoer  does  the  same  work 
which  was  formerly  done  by  city  gas  costing  over  940. 

PtANTSa. 


There  were  slight  difficulties  at  first  with  mixtures,  etc.,  but  none  now.  The  plant 
is  very  satisfactory.  It  has  been  running  over  a  year.  The  engine  is  directly  con- 
nected to  a  ISO-kilowatt  electric  generator. 

They  claim  to  have  had  no  trouble  from  the  action  of  sulphur.  I  noted  occasional 
back  firing  in  one  end  of  the  cylinder. 

The  exhaust  is  used  for  heating  feed  water  for  the  steam  plant.  The  gas  engine  is 
run  in  parallel  with  the  steam  engine. 

There  is  no  exhaust  noise;  they  use  large  exhaust  ports  of  special  form,  making 
the  pipe  connection  ''flaring"  in  such  a  manner  as  to  accommodate  the  expansion  of 
the  gas. 

The  producer  operator  receives  20  cents  per  hour. 
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PLANT  54. 
1906. 

The  repraeentatiTefl  seen  feel  that  their  plant  is  giving  satiafaction  and  requires 
but  little  attention.  They  feel  as  much  confidence  in  the  reliability  of  the  plant  as 
they  would  in  the  steam  plant.  It  should  be  stated,  however,  that  the  representatives 
are  interested  in  the  manufacture  of  this  type  of  plant. 

PLANT  5S. 

1906. 

All  kinds  of  difficulty  were  experienced  with  the  old  type  of  producer,  which  is 
now  being  torn  down;  no  difficulty  with  the  new  type  now  in  operation.  This  new 
producer  is  liked  very  much  by  the  engineer.  A  second  producer  is  to  be  erected 
at  once. 

There  is  no  gas  holder;  automatic  steam  control  is  used.  The  engineer  said  it 
worked  well.    Steam  pressure  of  50  to  80  pounds  is  carried  in  auxiliary  boiler. 

The  fires  had  not  been  drawn  since  the  new  plant  was  put  in  operation  five  months 
before.  The  engineer  thinks  the  difficulties  in  most  cases  are  due  to  the  operator  and 
methods  used  rather  than  to  the  plants  themselves.  He  believes  in  the  plant  thor- 
oughly; is  interested  and  wants  to  learn. 

The  engine  exhaust  is  run  into  a  pit  filled  with  broken  rock;  the  noise  is  hardly 
noticeable. 

PLANT  56. 

1906. 

IHffieulUes. — ^The  plant  has  been  installed  about  nine  months.  During  the  first 
two  months,  according  to  the  owner,  they  had  all  kinds  of  trouble;  clinkers  as  big  as  a 
barrel,  poor  gas,  large  coal  consumption,  back  fires,  etc.,  but  these  troubles  seem  to 
be  past,  as  they  have  been  overcome  by  experience. 

Remarks. — ^The  owner  feels  that  producer  manufacturers  do  not  give  sufficient  and 
proper  instructioa  when  inst,alling  a  plant.  They  leave  too  much  for  the  purchaser 
to  learn  from  his  own  experience.  He  says  that  at  the  present  time  he  is  undoubtedly 
using  less  coal  than  he  would  with  an  equivalent  steam  plant,  but  he  is  inclined  to 
believe  that  this  saving  is  offiiet  by  extra  oil  and  labor  which  his  gas  plant  requires. 
Before  his  purchase  the  producer  representative  made  a  strong  point  of  the  adapta- 
bility of  the  producer. to  cheap  and  low-grade  fuels,  but  now  that  he  has  the  plant  in 
he  finds  that  they  are  able  to  use  only  the  best  grades  of  coal. 

The  engineer  in  charge  of  the  plant  seems  very  well  satisfied  with  the  results  they 
are  obtaining  and  considers  it  an  excellent  installation.  He  says  that  all  the  trouble 
at  the  beginning  was  due  entirely  to  lack  of  knowledge  on  the  part  of  the  operator 
and  to  an  attempt  to  do  many  things  which  were  not  practicable.  Another  dis- 
advantage at  the  start  was  the  fact  that  the  man  employed  on  the  producer  was  a 
cheap  laborer  with  no  knowledge  of  producer  practice.  These  difficulties  have  been 
overcome,  and  the  engineer  says  that  he  would  not  ask  for  a  better  plant  than  this 
has  proved  to  be  for  several  months  past.  The  engine  operator  is  regarded  as  a  man 
of  more  than  average  ability  and  it  is  seldom  that  anything  wrong  develops  in  the 
engine  room.  The  engineer  stated  that  when  the  producer  was  in  proper  shape  they 
never  knew  the  engine  to  fail.  He  also  stated  that  as  a  rule  he  could  carry  the  load 
within  two  minutes  after  starting  the  engine. 
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PLAirr57. 

1906. 

Tliere  were  no  difficulties  with  the  producer  and  none  with  the  engine  were  men- 
tioned, although  the  opinion  seemed  to  be  that  some  of  the  engines  were  not  adapted 
to  the  work  demanded  of  them. 

At  the  time  of  my  visit  these  producers  had  been  installed  neariy  seven  and  one-half 
years.  From  one  the  fires  were  not  drawn  for  six  yeans  and  ten  months.  The  fire  was 
drawn  then  in  order  to  put  a  new  top  on  the  producer.  The  lining^of  the  producer 
was  found  in  perfect  condition,  and  not  a  brick  was  renewed.  It  had  been  five 
years  since  the  fire  was  drawn  in  the  second  producer,  and  the  engineer  stated  that 
he  did  not  know  when  it  would  be  drawn,  as  there  was  no  reason  for  doing  it. 

The  economizer  tubes  fill  after  a  time,  so  it  has  been  customary  to  change  these 
about  every  two  years.    The  old  tubes  are  cleaned  and  replaced  two  years  later. 

Engine  (a)  had  been  installed  two  years,  and  had  given  entire  satisfaction.  It  was 
running  well  when  I  visited  the  plant. 

The  two  ed^^es  (6)  had  been  in  over  seven  years.  They  were  installed  with  the 
original  plant.    The  engineer  objects  to  the  hit-or-miss  governor  on  the  engines. 

Of  engines  (c),  two  had  been  in  six  years  and  one  five  years.  These  were  running 
satisfactorily  while  I  was  there. 

Engines  (d)  and  (e)  are  about  1,800  feet  from  the  producer  plants  Engine  (d)  seemed 
to  be  helped  out  occasionally  by  city  gas — **only  occasionally,"  I  was  given  to  under- 
stand, but  engine  («)  was  run  almost  entirely  by  city  gas. 

The  engineer  was  greatly  pleased  with  the  producer  plant.  He  said  that  he  experi- 
enced no  difficulty  with  the  producers  and  that  they  gave  excellent  satisfaction. 
One  producer  was  operated  with  automatic  feed,  but  the  other  was  not. 

1909. 

This  plant  has  been  in  operation  since  April,  1899.  In  one  of  the  producers  the  fire 
has  not  been  drawn  for  over  seven  years  and  is  in  good  working  condition  at  the  present 
time.  The  other  producer  gave  continuous  service  for  six  years  and  ten  months  from 
the  time  of  installation.  At  that  time  the  producer  was  in  good  working  shape,  and 
according  to  the  statement  of  the  engineer  could  have  continued  in  service  but  for 
the  fact  that  a  distributing  plate  in  the  automatic  feed  fell  into  the  producer.  This 
caused  such  damage  that  it  was  necessary  to  draw  the  fire.  After  necessary  repair 
the  fire  was  rebuilt  and  has  not  been  drawn  since. 

The  ashes  are  removed  from  each  producer  every  other  day,  during  the  period  of 
lightest  load,  when  it  is  possible  for  one  producer  to  carry  the  load.  The  ash  pile  was 
practically  free  from  carbon  and  clinker.  The  engineer  stated  that  he  accepts  any 
pea  coal  for  the  producer  that  does  not  contain  an  excessive  amoimt  of  dirt  and  fine 
stuff.  The  engineer  in  charge  of  the  plant  has  been  with  it  about  seven  years.  He 
is  an  enthusiastic  gas-power  man  and  believes  that  the  cause  of  most  producer  failures 
is  the  lack  of  competent  operators. 

PLANT  58. 

1908. 

The  operating  engineer  in  charge  of  this  plant  says  it  has  given  no  trouble  from  the 
start.  A  SOO-horaepower  Corliss  steam  air  compressor  runs  by  the  side  of  the  gas 
engine.  The  engineer  states  that  the  gas  plant  has  required  much  less  attention 
during  the  fourteen  months  that  it  has  been  operating  than  the  steam  engine.  The 
superintendent  is  very  well  pleased  with  the  plant. 
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The  awiDtimt  saperiDtendent  belMves  firmly  in  producer-gas  power.  When  asked 
if  thoe  was  anything  about  the  plant  he  would  like  to  improve  upon  he  replied  that 
he  knew  of  nothing  about  the  whole  equipment  of  which  he  would  ask  better  service. 
He  maintaaas  thai  the  soccem  of' a  producer-gAsplant  depends  in  great  measure  upon 
the  men  (grating  it.  If  the  man  at  the  jNroduc^  knows  what  he  is  doing  and  the 
engineer  is  equally  wdl  adapts  to  his  work,  there  will  then  be  little  trouble. 

PLAMT^a 

1908. 

This  plant  has  been  in  operatieli  nearty  ten  months  and  is  considered  by  the  snpei^ 
intendent  as  v«y  satisfactory.  The  snperintendent  has  had  some  difficulty  in  obtain- 
ing competent  men  to  handle  the  plant. 

The  (Mil  consumption  can  probably  be  improved  upon,  as  approxii&ately  20  per 
cent  oi  the  coal  charged  into  t^  producerpasses  through  the  grate  unbumed.  The 
engine  was  operating  very  smooHily ;  in  fact  it  is  running  as  steadily  as  a  steam  engine . 
A  portion  of  the  time  there  is  a  heavy  overload  which  has  to  be  taken  by  tftie  steam 
engine,  but  the  gas  en^^ne  and  st)9am  engine  am  run  in  parallel  without  <Kfficulty. 
The  superintendent  thinks  that  eventually  tMIs  steam  engine  will  be  replaced  by  a 
gas  engine. 

PLAlfT  61. 

This  plant  has  been  in  operation  about  a  year  and  a  half  and  it  is  giving  excellent 
satisfaction.  A  new  producer  of  300  horsepmwer  has  recently  been  installed,  having 
been  in  operation  about  three  weeks  at  the  time  of  this  inspection.  Before  this  last 
installation  was  made  two  producers  of  150  horsepower  each  furnished  the  necessary 
gas.  These  have  been  in  operation  almost  continuously  since  the  installation  of  the 
plant  and  are  in  need  of  relining.  The  chief  engineer  feels  so  well  satisfied  with  the 
plant  that  he  says  he  would  not  hesitate  to  put  in  producer-gas  power  for  any  purpose. 

PLANT  62. 


This  is  an  installatio  i  in  the  factory  of  a  gas-producer  manu&cturer. 

piAirr63. 

1900. 

The  president  of  the  company  feels  that  the  secret  of  snccosrfal  operation  of  pro- 
ducer-gas power  plants  is  gas  of  uniform  quality.  In  their  buaineaB  it  is  necessary 
to  have  constant-speed  regulation.  They  found  this  difficult  with  producer-gas 
engines,  due,  he  believes,  to  the  lack  of  uniformity  in  the  gas.  He  stated,  however, 
that  he  would  not  hesitate  to  install  a  gas  plant  for  any  purpose  in  whidi  absolutely 
constant  speed  is  not  required.  He  considers  it  a  very  economical  power  and  feels 
that  reliability  depends  largely  upmn  the  producer  operator. 

When  the  plant  was  first  installed  they  experienced  considerable  trouble  due  to 
lack  of  knowledge.  In  his  opinion,  producer  manufacturers  fail  properly  to  instruct 
operators  of  new  plants.  Since  picking  up  the  proper  methods  of  manipulation  they 
have  had  little  difficulty  and  are  well  satisfied  with  the  results  that  they  are  obtaining. 
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PLAIffTM. 
1806. 

Only  Qoe  engine  was  itoining  during  my  visit;  iMa  seemed  to  be  very  steady  in  its 
operation. 

Tar  extractors  were  installed  with  this  plant  for  operation  in  case  bituminous  coal 
eiiould  be  iised. 

PLABTtfS. 

1906. 

BiffiadtUs,— They  have  had  some  trouble  from  dinken^;  also,  I  believe,  some  from 
lampblack. 

Rtnuxrhs, — ^The  superintendent  did  not  feel  absolutely  sure  about  the  power.  He 
seemed  to  be  well  satisfied  with  the  plant  on  the  whole,  but  did  not  feel  that  it  is 
absolutely  reliable  under  all  conditions.  He  was  somewhat  doubtful  whether,  in 
increasing  the  capacity  of  the  power  plant,  to  add  more  producer-gas  units  or  to  put 
in  a  steam  plant  to  supplement  the  present  gas  plant.  He  seemed  inclined  to  the 
additional  producer-gas  units  provided  he  became  positive  of  the  absolute  reliability 
of  sudi  power  for  continuous  service,  24  homer  per  dky. 

The  phmt  was  runnii^  well  at  the  time  of  my  visit. 

PLANTS. 

1906. 

Most  of  the  water  gaa  (200  B.  t  u.)  is  used  for  forges,  etc.,  power  being  a  secondary 
matter — ^a  by-product,  as  it  were. 

The  producer  (air)  gas  generated  is  of  about  90  B.  t.  u.  heat  value.  The  gas  sup- 
plied to  the  engines  is  a  mixture  of  the  water  and  air  gas  in  sucn  proportions  that  its 
heat  value  is  in  the  neighborhood  of  115  to  130  B.  t.  u.  per  cubic  foot. 

The  manager  likes  the  plant  well  enough  but  feels  that  perhaps  they  could  get  more 
out  of  it  than  they  do. 

1908. 

The  works  manager  is  on  the  whole  very  weU  satisfied  with  this  plant.  He  encoun- 
tered troubles  at  first,  but  after  some  experience  learned  how  to  overcome  them.  He 
does  not  feel  that  the  producer  manu&cturers  were  able  to  give  mudi  help  regarding 
the  operation.  The  plant  has  been  in  nearly  four  years.  The  ash  pile  seemed  to  be 
small  considering  the  amount  of  coal  used.  There  was  little  real  ash.  The  pile  was 
composed  mostly  of  clinkers  varying  in  size  from  a  man's  fist  to  a  nail  keg,  or  even 
larger.  There  appeared  to  be  very  little  carbon  in  the  aeh,  but  upon  breaking  up 
large  dinkers  numerous  lumps  of  coke  could  be  seen  embedded. 

The  fires  are  drawn  and  the  producers  thoroughly  cleaned  each  Sunday.  On  the 
whole  the  manager  seems  well  satisfied  with  the  plant,  but  feels  that  it  is  possible  for 
them  to  get  more  out  of  it  than  they  do. 

PLANT  67. 

1906. 

The  coal  used  is  Pocahontas,  "vdiich  is  delivefed  at  the  central  station,  and  the 
various  plants  are  supplied  with  the  mixture  as  it  comes  from  the  central  station. 
Owing  to  repeated  handling  the  coal  is  reduced  to  a  very  fine  condition. 

The  engine  that  was  running  while  I  was  at  the  plant  was  pounding  slightly.  The 
engineers  rex)orted  that  they  had  broken  exhaust  levers  occasionally,  owing  entirely 
to  the  caraleesnesB  of  the  operator. 
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The  plant  uses  34,000  cubic  feet  of  water  per  day.  Water  ia  taken  from  the  near-by 
brook  instead  of  from  the  city  service.    The  producer  maa  was  paid  $16  per  week. 

In  operating  this  plant  at  the  present  rate  water  gas  is  made  only  three  times  per 
day,  and  then  only  for  two  or  three  minutes  at  a  time,  long  enougji  to  fill  the  holder. 
The  water  gas  is  by-passed  and  mixed  with  the  producer  gas.  A  small  portion  only 
of  the  former  is  used. 

The  people  in  the  vicinity  objected  to  the  noise  of  the  exhaust.  Several  devices 
have  been  used  to  reduce  this.  At  the  time  of  my  visit  the  plant  was  using  a  pit 
filled  with  broken  rock,  which  seemed  bdAy  satiabctory. 

The  engineer  says  that  the  men  about  the  plant  were  greatly  pleased  with  the 
producer  at  first,  as  if  with  a  new  toy,  but  after  the  novelty  wore  off  their  interest 
flagged.  He  says  that  the  plant  must  be  looked  after  and  that  there  is  a  tendency  on 
the  part  of  the  men  to  neglect  it. 

They  have  had  occasional  preignitions  and  back  firing,  but  these  have  not  been 
serious. 

PLANT  68. 

1908. 

Although  this  plant  is  of  the  down-draft  type,  it  is  found  necessary  to  "shoot  the 
bed''  only  once  in  24  hours  as  a  rule,  and  sometimes  only  once  in  2  days.  The 
general  manager  of  the  company  stated  that  the  best  coal  obtainable  is  most  satis- 
factory and  economical,  regardless  of  price.  They  have  tried  in  this  plant  20  or 
25  different  coals  of  a  lower  grade  than  that  which  they  have  selected  as  their  best 
fuel.  With  the  high-grade  coal  they  usually  operate  one  unit  for  two  weeks,  then 
cleaning  it  and  operating  the  second  unit  during  the  second  two  weeks.  With  coals 
other  than  the  kind  especially  selected  for  tlds  plant  they  have  usually  found  it 
impossible  to  run  a  unit  longer  than  one  week  without  cleaning.  Some  difficulty 
has  been  experienced  in  keeping  the  piston  rods  in  such  condition  that  they  will  not 
cut  the  stufl&ng  boxes.  Three  of  the  engines  are  not  regarded  as  satisfactory  and  are 
used  only  for  carrying  partial  loads.  They  are  apparently  unreliable,  as  it  waa  stated 
that  they  may  run  5  minutes  and  they  may  run  24  hours.  They  require  constant 
attention.  The  two  laiger  engines  are  considered  perfectly  reliable.  Tliey  were 
running  with  freedom  at  the  time  of  this  visit. 

The  first  three  years  of  this  installation  were  marked  by  tiiilure  after  failure.  During 
this  time  apparently  little  help  and  few  suggestions  could  be  obtained  from  the  manu- 
facturers. It  was  a  question  of  working  out  the  difficulties  at  the  {dant  itself.  At  the 
present  time  and  for  the  past  two  years  the  installation  has  fuinished  reliable  power, 
and  at  last  the  company  is  beginning  to  overcome  the  unsavory  reputation  gained 
for  the  plant  during  its  eariy  life.  They  are  now  funushing  power  for  several  manu- 
acturing  plants  and  light  for  several  villages  up  and  down  the  valley.  The  manager 
believes  that  producer  gas  is  the  coming  power,  and  feels  that  it  is  now  possible  to 
put  up  installations  that  will  prove  entirely  reliable. 

PLANT  69. 

1806. 

The  producer  manukcturers  have  not  been  called  upon  for  any  assistance,  since 
the  plant  was  installed  in  1900,  but  several  changes  have  been  made  in  the  plant 
which  have  proved  beneficial. 

The  gaa-producer  instaUation  has  heep.  a  process  of  development  with  this  company, 
the  original  jdant  having  been  installed  in  1900.    One  exhauster  was  run  at  thai  time 
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by  steam  power  and  the  other  by  a  gae  engine.  After  watching  this  gas  engine  for 
a  time  it  was  decided  to  try  gas  for  power  purposes.  A  tandem  engine  with  rotary 
valves  like  those  of  a  Corliss  steam  engine  was  installed.  Grit  would  lift  these  valves 
from  their  seats,  and  the  engine  gave  serious  trouble.  Finally,  another  type  of  engine 
was  tried,  and  as  it  worked  from  the  start  with  no  difficulty,  four  additional  engines 
of  this  make  had  been  installed.  They  are  expecting  to  install  additional  engioes 
of  the  horizontal,  double-acting  type. 

Straight  water  gas  is  used  in  many  portions  of  the  plant,  but  when  low  heats  are 
required  a  mixture  of  4^  parts  producer  gas  (air  gas)  to  1  part  water  gas  is  used,  giving 
a  gas  with  a  heat  value  of  about  135  B.  t.  u.  per  cubic  foot.  For  the  «ngiT»ft«  6  parts  of 
air  gas  to  1  of  water  is  used,  giving  a  gas  of  about  115  B.  t.  u.  per  cubic  foot. 

Gas  power  has  proved  exceptionally  economical  for  this  plant,  as  most  of  the  pro- 
ducer gas  which  had  to  be  made  was  wasted  before  the  installation  of  the  engines. 

The  company  believes  thoroughly  in  this  system  of  power,  and  each  year  more  of  the 
works  is  being  supplied  with  gas  power. 

The  plant  requires  proper  care,  which  necessitates  a  good  grade  of  men.  For  this 
reason  the  representative  whom  I  saw  believes  that  there  is  better  economy  in  labor 
in  a  central  power  plant  than  in  separate  engine  installations  in  various  parts  of  the 
factory. 

Every  Sunday  one  engine  is  thoroughly  cleaned,  and  the  inlet  valves  and  the  mixing 
chambers  in  the  others  receive  attention. 

DBDUCnONS  FROM  VISITS  OF  INSPBCTION. 

The  deductions  made  from  the  visits  in  1906  were  as  follows: 

1.  The  plants  as  a  whole  are  giving  remarkable  satisfaction  considering  the  very 
brief  period  of  development  that  has  passed  since  the  introduction  of  this  type  of 
power. 

2.  The  most  serious  difficulty  seems  to  arise  from  the  lack  of  competent  operators  to 
run  the  plants  rather  than  from  defects  or  troubles  inherent  in  the  plants  themselves. 

3.  Incompetent  salesmen  are  undoubtedly  to  blame  for  serious  misrepresentadons 
and  misunderstandings. 

4.  The  n^ect  shown  by  some  manufacturers  in  respect  to  their  plants  after  they  are 
installed  and  paid  for  has  been  noticeable,  and  the  ftdlure  of  manufacturers  to  give 
the  purchasers  or  operators  of  plants  full  information  regarding  their  construction  and 
method  of  operating  has  certainly  been  detrimental  to  the  business. 

In  1909  the  following  modifications  were  made  in  the  above 
statements: 

1.  Unchanged. 

2.  This  situation,  still  prevails,  although  there  are  many  more  competent  operators 
to-day  than  three  years  ago.    Tune  will  eliminate  this  difficulty. 

3.  With  the  stronger  companies  this  situation  is  greatly  improved. 

4.  Experience  has  shown  that  such  neglect  produces  serious  troubles  and  financial 
loss  to  the  manufacturer,  and  a  very  decided  change  for  the  better  has  developed  in 
the  past  few  years.  There  are,  however,  a  few  small  concerns  still  operating  in  the 
producer  field  on  what  may  be  oonaidered  a  false  basis. 


)raOOUCBR-OA8  POWBB  PLANT. 


Although  a  few  aoattered'  iostaUatioos  are  lepoited  to  have  been 
loade  prior  to  1900,  the  period  of  B^Btematic  and  general  application 
of  producer-gas  power  in  this  country  began  about  8  or  10  years 
ago.  Owing  to  the  fact  that  the  dates  of  installation  of  many  plants 
are  not  ascertainable,  it  is  impossible  to  preauit  the  exact  rate  of 
growth  either  in  number  of  inst^ations  or  in  horsepower.  The  rela- 
tive rate  is,  howevw,  approxiniat^y  shown  by  figure  1  (p.  1 1).    The 
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relative  rate  of  development  of  the  plants  using  the  three  principal 
fuels,  namely,  anthracite,  bituminous  coal,  and  lignite,  is  shown  by 
figure  2. 

The  demand  for  information  regwtUng  producer^as  power  plants 
in  actual  commercial  operation  seems  to  be  even  more  pronounced 
than  in  1909,  when  the  previous  list  of  such  installations  was  presented. 

The  interest  of  the  en^eering  pubhc  to  know  the  exact  develop- 
ment of  this  type  of  power  has  led  to  a  revision  of  the  list  presented 
in  1909,  thus  bringing  it  down  to  March,  1912.  Through  the  courtesy 
of  the  manufacturers  the  previous  list  was  corrected  and  the  necee- 
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saiy  additions  made,  eacoept  that  three  oempotiieB  ftaM  in  1912  to 
respond  to  requests  for  information. 

The  companies  enumerated  below  supplied  the  material  from  which 
the  tables  following  have  been  compiled.  The  abbreviations  by 
which  these  manufactprers  are  indicated  in  the  tables  are  given  in 
parentheses. 

Amfller  Gas  Power  Co.,  Pittsbuigh,  Pa.    (Amaler.) 

BackuB  Water  Motor  Co.,  Newark,  N.  J.    (Backus.) 

Bruce-Macbetli  Co.,  Cleveland,  Ohio.    (B.  M.) 

De  la  Yergne  Machine  Co.,  New  Yoik,  N.  Y.    (De  la  V.) 

FBirbanks-Moise  Co.,  Beloit,  Wis.    (F.  M.) 

Gas  Power  Machinery  Co.,  Loe  Angeles,  Gal.    (Grine-NeUis.) 

Harvey,  E.  A.,  New  York  City,  N.  Y.    (Harvey.) 

Minneapolis  Steel  &  Machinery  Co.,  lufinneapolis,  Minn.    (M.  S.  &  M.) 

Olds  Gras  Power  Co.,  Lansing,  Mich.  (1909).    (Olds.) 

Otto  Gas  Engine  Works,  Philadelphia,  Pa.    (Otto.) 

Power  &  Mining  Machinery  Co.,  Cudahy,  Wis.    (P.  <&  M.,  or  L.  P.) 

Smith  Gas  Power  Co.,  Lexington,  Ohio.    (Smith.) 

Standard  Gas  Power  Co.,  Atlanta,  Ga.    (Akerlund.) 

Strathera-Wells  Co.,  Warren,  Pa.     (S.  W.) 

Syracuse  Industrial  Gas  Co.,  Vernon,  N.  Y.    (Syracuse.) 

Weber  Gas  Engine  Co.,  Kansas  City,  Mo.  (1909).    (Weber.) 

Westingfaouse  Machine  Co.,  East  Pittsburgh,  Pa.     (West.) 

Wile  Gas  Power  Co.,  Rochester,  N.  Y.  (1909).     (Wile.) 

Wood  &  Co.,  R.  D.,  Philadelphia,  Pa.    (Wood.) 

It  is  not  claimed  that  the  tables  presented  form  a  complete  record 
of  all  the  installations  made  by  these  companies.  Certain  restrictions 
have  been  imposed  in  preparing  the  tables,  some  of  which  should  be 
mentioned  to  avoid  misunderstanding  or  incorrect  inference.  They 
are  as  follows: 

1.  Some  owners  of  plants  object  to  maldng  known  the  fact  that 
they  have  such  installations.  Care  has  been  exercised  to  prevent 
the  insertion  of  the  names  of  any  such  plants. 

2.  In  certain  instances  the  manufacturers  have  stated  that  their 
records  are  not  sufficiently  exact  to  enable  them  to  make  up  complete 
lists. 

3.  One  company  does  not  approve  of  the  presentation  of  a  list  of  a 
gFsat  number  of  plants,  and  has  restricted  its  own  list  to  plants  that 
have  given  unusual  results,  to  those  that  are  working  in  an  unusual 
way  or  under  extreme  difficulties,  and  to  those  that  show  unusual 
eoonomies  or  exceptional  reliability. 

The  complete  tabulation  is  given  on  pages  63  to  88. 

SUMMARY. 

It  ia  probable  that  at  the  present  time  there  are  in  the  United 
States  900  or  1,000  producer-gas  power  plants,  ranging  in  size  from 
15  horsepower  to  several  thousand  horsepower.  The  data  procured 
from  the  lists  supplied  by  the  manufacturers  both  in  1009  and  in  1912 
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are  summarized  in  the  following  table  according  to  the  type  of  fuel 
used,  the  plants  being  classified  as  to  whether  they  are  above  or  below 
500  horsepower: 

Summarized  data  relative  to  producer -gas  power  plants  in  the  United  States,  March,  191  i. 


Anthracite  ooal: 
Oyer  fiOO  horse- 
power  

500  horsepower 
or  less 


Bituinixious  coal: 
Over  fiOO  hone- 
power 

fiOOhonepo^ 
or  less. 


>wer 


Lignite: 

OrerfiOO  horse- 
power  

500  horsepower 
or  less 


Wood: 

Over  600  home- 
power 

SOOhorsepo^ 
or  less 


)wer 


OU: 


Over  600  horse- 
power  

600  horsepower 
or  less 


Total. 


Number  of 
plants. 


8 
407 


415 


29 
581 


610    47 


30 
17 


37 


3 
19 


22 


474 


40 
37 


77 


3 


32 


0 
2 


722 


Horsepower. 


TotaL 


263 
43 


100 
118 


108 


0 
63 


45 


7,550 
40,660 


48^100  80,470 


49,000 
5,150 


54,150 


7,275 
1,725 


9,000 


52111,260187,140 


M 


25,825 
63,645 


76,800 
9,725 


86,615 


7,276 
2,956 


10,230 


C 
500 


825 


242 
57 


86       116      146 


67 
89 


60 


71 


14 


68 


Average. 


950 
100 
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The  most  conspicuous  facts  derived  from  an  inspection  of  the 
foregoing  table  are: 

1 .  During  the  past  three  years  the  number  of  anthracite  plants  of  over  500-honepower 
rating  has  increased  263  per  cent,  and  the  total  horsepower  represented  by  these  planus 
has  increased  in  the  same  period  242  per  cent. 

2.  During  the  same  period  the  number  of  bituminous-coal  plants  of  500-horBe- 
power  rating  or  less  has  increased  118  per  cent,  and  the  total  horsepower  repreeented 
by  these  small  bituminous-coal  plants  has  increased  89  per  cent. 

3.  At  the  present  time  producer-gas  plants  representing  nearly  85  per  cent  of  the 
total  number  of  installations  in  this  country  are  operating  on  anthracite. 

4.  Of  the  total  horsepower  listed  approximately  48  per  cent  is  derived  from  antJua- 
cite  and  nearly  52  per  cent  from  bituminous  coal  and  lignite. 

5.  In  1909  the  bituminous-coal  plants  averaged  12.5  times  the  size  of  the  anthracite 
plants,  but  the  introduction  of  the  larger  anthracite  plants  and  of  the  smaller  bitiuni- 
nous-coal  plants  makes  the  ratio  for  1912  about  7^  to  1* 
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It  is  gratifying  to  note  the  derelopaient  of  the  small  bituminous- 
co&I  producer,  and  an  examination  of  the  complete  list  of  installations 


reveals  several  suction  plants  operating  on  bituminous  coal.  The 
need  of  small  producers  of  this  type  has  been  keenly  felt,  and  their 
development  is  one  of  the  most  important  steps  in  the  producer  field. 
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Aq  eiwnmatioa  of  the  oomplele  list  of  producer-gas  plants  diows 
tlie  very  giaajersl  dis^bution  al  tJius  type  of  powo*  throo^kout  the 
country.  It  is  apparent  that  the  application  of  the  anthracite  pro- 
ducer is  not  limited  to  the  East.  In  order  to  emphasize  this  geo- 
graphical distribution  the  map  designated  as  Plate  I  (in  pocket)  has 
been  prepared,  based  on  the  relative  capacity,  expressed  as  horae- 
power,  of  the  plants  in  the  various  States.  To  emphasize  further 
the  general  distribution  of  these  piante  and  to  show  clearly  the  distri- 


Fiomx  i.— Total  luus^Kiirg.'  of  pnduoar-ffa  poinr'^ilul  InataUAtlom  la  nota  SUW- 

bution  during  tlie  past  three  years  as  contrasted  with  that  during  the 
period  preceding  1909,  the  map  is  presented  in  two  colors.  The 
installations  made  prior  to  1909  are  represented  in  blaok,  and  those 
made  during  the  past  three  years  are  indicated  in  red. 

Figures  3  and  4  present  in  another  form  the  data  shown  on  the 
map.  These  figures  show,  respectively,  the  total  number  and  the 
toW  hcosepower  in  «a<^  State  represented  in  tdie  oMnplete  list  of 
plaate  prepared  from  the  data  supphed  by  the  manufacturaa. 
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BLAST-FURNACE  AND  COK&OY3BN  OAS  POWER  PLANTS. 

So  closely  aUied  to  producer-gas  power  plants  are  blast-furnace  and 
coke-oven  gas  power  plants  that  a  tabulation  of  the  principal  installa- 
tions of  this  type  in  tins  country  is  presented. 

Acknowledgment  is  made  to  the  following  companies  who  very 
kindly  supplied  the  necessary  information : 

AUis-ChalmersGo.,  Milwaukee,  Wis. 
American  Iron  &  Steel  Co.,  Lebanon,  Pa. 
American  Steel  &  Wire  Co.,  Cleveland,  Ohio. 
American  Steel  &  Wire  Co.,  Pittsburgh,  Pa. 
Buckeye  £ng:ine  Works,  Salem,  Ohio. 
Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
Cornwall  Ore  Bank  Co.,  Cornwall,  Pa. 
Empire  Gas  &  Electric  Co.,  Geneva,  N.  Y. 
niinois  Steel  Co.,  Chicago,  HI. 
Lackawanna  Steel  Co.,  Buffalo,  N.  Y. 
National  Tube  Co.,  Pittsburgh,  Pa. 
Pennsylvania  Steel  Co.,  Steelton,  Pa. 
Snow  Steam  Pump  Co.,  Buffalo,  N.  Y. 
Westinghouse  Madiine  Co.,  East  Pittsburgh,  Pa. 

With  the  exception  of  the  pioneer  company,  the  Lackawanna  Steel 
Co.,  which  installed  40,000  horsepower  between  1900  and  1905,  the 
principal  development  in  this  particular  field  in  the  United  States  has 
been  during  the  past  five  years.  The  aggregate  horsepower  of  these 
installations  is  839,280.    The.  tabulation  follows. 
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PUBUCATIONS  ON  FUEL  TBCHNOLOOY. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. : 

BtTLLBTm  1.  The  volatile  matter  of  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz.  1910. 
66  pp.,  1  pi. 

Bulletin  2.  North  Dakota  lignite  as  a  fuel  for  power-plant  boilers,  by  D.  T.  Randall 
and  Henry  Kreishiger.    1910.    42  pp.,  1  pi. 

Bullehn  3.  The  coke  industry  of  the  United  States  as  related  to  the  foundry,  by 
Richard  Moldenke.    1910.    32  pp. 

Bulletin  4.  Features  of  producer-gas  power-plant  development  in  Europe,  by 
R.  H.  Femald.    1910.    27  pp.,  4  pis. 

BtnxETiN  5.  Waahing  and  coking  tests  of  cool  at  Denver,  Colo.,  July  1,  1908,  to 
June  30,  1909,  by  A.  W.  Belden,  G.  R.  Delamater,  J.  W.  Groves,  and  K.  M.  Way. 
1910.    62  pp. 

Bulletin  6.  Coals  available  for  the  manufacture  of  illuminating  gas,  by  A.  H.  White 
and  Perry  Barker,  compiled  and  revised  by  H.  M.  Wilson.    1911.    77  pp.,  4  pis. 

Bulletin  7.  Essential  ^tors  in  the  formation  of  producer  gas,  by  J.  K.  Clement, 
L.  H.  Adams,  and  C.N.  Haskins.    1911.    58  pp.,  1  pi. 

Bulletin  8.  The  flow  of  heat  through  funuu^e  walls,  by  W.  T.  Ray  and  Henry 
Kreisinger.    1911.    32  pp. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  furnace  gases, 
by  J.  C.  W.  Frazer  and  E.  J.  HofEman.    1911.    22  pp. 

Bulletin  13.  R^sum^  of  producer-gas  investigations,  October  1, 1904,  to  June  30, 
1910,  by  R.  H.  Femald  and  C.  D.  Smith.    1911.    393  pp.,  12 pis. 

Bulletin  14.  Briquetting  tests  of  lignite,  at  Pittsburgh,  Pa.,  1908-9,  with  a  chapter 
on  sulphite-pitch  binder,  by  C.  L.  Wright.    1911.    64  pp.,  11  pis. 

Bulletin  16.  The  uses  of  peat  for  fuel  and  other  purposes,  by  C.  A.  Davis.  1911. 
214  pp.,  1  pi. 

Bulletin  18.  The  transmission  of  heat  into  steam  boilers,  by  Henry  Kreisinger  and 
W.  T.  Ray.    1912.    180  pp. 

Bulletin  19.  Physical  and  chemical  properties  of  the  petrolexunsof  the  San  Joaquin 
Valley,  Cal.,  by  I.  C.  Allen  and  W.  A.  Jacobs,  with  a  chapter  on  analyses  of  natural 
gas  from  the  southern  California  oil  fields,  by  G.  A.  Burrell.    1911.    60  pp.,  2  pis. 

Bulletin  21.  The  significance  of  drafts  in  steam-boUer  practice,  by  W.  T.  Ray  and 
Henry  Kreisinger.    64  pp.    Reprint  of  United  States  Geological  Survey  Bulletin  367, 

Bulletin  23.  Steaming  tests  of  coals  and  related  investigations,  September  1, 1904, 
to  December  31,  1908,  by  L.  P.  Breckenridge,  Henry  Kreisinger,  and  W.  T.  Ray. 
1912.    380  pp.,  2  pis. 

Bulletin  24.  Binders  for  coal  briquets,  by  J.  E.  Mills.  56  pp.  Reprint  of  United 
States  Greological  Survey  Bulletin  343. 

Bulletin  27.  Tests  of  coal  and  briquets  as  fuel  for  house-heating  boilers,  by  D.  T. 
Randall.    44  pp.,  3  pis.    Reprint  of  United  States  Geological  Survey  Bulletin  366. 

Bulletin  28.  Experimental  work  conducted  in  the  chemical  laboratory  of  the 
United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1, 1905,  to  July  31, 1906,  by 
K.  W.  Loid .    51  pp.    Reprint  of  United  States  Geological  Survey  Bulletin  323. 

Bulletin  29.  The  effect  of  oxygen  in  coal,  by  David  White.  80  pp.,  3  pis.  Reprint 
of  United  States  Geological  Survey  Bulletin  382. 

Bulletin  30.  Briquetting  tests  at  the  United  States  fuel-testing  plant  at  Norfolk, 
Va.,  1907-8,  by  C.  L.  Wrigjit.  41  pp.,  9  pis.  Reprint  of  United  States  Geological 
Survey  Bulletin  385. 

Bulletin  31.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Femald,  C.  D. 
Smith,  J.  K.  Clement,  and  H.  A.  Grine.  29  pp.  Reprint  of  United  States  Geological 
Survey  Bulletin  393. 
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BuLLBTiN  32.  Commercial  deductions  from  comparisons  of  gasoline  and  alcohol  tests 
on  internal-combustion  engines,  by  R.  M.  Strong.  33  pp.  Reprint  of  United  States 
Geological  Survey  Bulletin  392. 

Bulletin  33.  Comparative  testa  of  run-of-mine  and  briquetted  coal  on  the  tQrx>edo 
boat  BiddUt  by  W.  T.  Ray  and  Henry  Kreisinger.  50  pp.  Reprint  of  United  States 
Geological  Survey  Bulletin  403. 

Bulletin  34.  Tests  of  run-of-mine  and  briquetted  coal  in  a  locomotive  boiler,  by 
W.  T.  Ray  and  Henry  Kreisinger.  33  pp.  Reprint  of  United  States  Geological 
Survey  Bulletin  412. 

Bulletin  35.  The  utilization  of  fuel  in  locomotive  practice,  by  W.  F.  M.  Goss.  29 
pp.    Reprint  of  United  States  Geological  Survey  Bulletin  402. 

Bulletin  36.  Alaskan  coal  problems,  by  W.  L.  Fisher.    1911.    32  pp.,  1  pi. 

Bulletin  37.  Comparative  tests  of  nm-of-mine  and  briquetted  coal  on  locomotiveBy 
including  torpedo-boat  tests,  and  some  foreign  specifications  for  briquetted  fuel,  by 
W.  F.  M.  Goss.  58  pp.,  4  pis.  Reprint  of  United  States  Geological  Survey  Bulletin 
363. 

Bulletin  39.  The  smoke  problem  at  boiler  plants,  a  preliminary  report,  by  D.  T, 
Randall.  31  pp.  Reprint  of  United  States  Geological  Survey  Bulletin  334,  revised 
by  S.  B.  Flagg. 

Bulletin  40.  The  smokeless  combustion  of  coal  in  boiler  furnaces,  with  a  chapter 
on  central  heating  plants,  by  D.  T.  Randall  and  H.  W.  Weeks.  188  pp.  Reprint  ci 
United  States  Geological  Survey  Bulletin  373,  revised  by  Henry  Kreisinger. 

Bulletin  41.  Grovemment  coal  purchases  under  specifications,  with  analyses  for 
the  fiscal  year  1909-10,  by  G.  S.  Pope,  with  a  chapter  on  the  fuel-inspection  laboratory 
of  the  Bureau  of  Mines,  by  J.  D .  Davis.    1912.    97  pp. ,  3  pis. 

Bulletin  43.  Comparative  fuel  values  of  gasoline  and  denatured  alcohol  in  internal- 
combustion  engines,  by  R.  M.  Strong  and  Lauson  Stone.    1912.    243  pp.,  3  pis. 

Bulletin  49.  Smoke  abatement  and  city  smoke  ordinances,  by  S.  B.  FUgg.  1912. 
55  pp. 
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